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It was in this pottery plant of F. B. Norton that the Norton grinding 
wheel was born in 1873. Manufacture of ‘emery’ wheels was 
started on a commercial basis in 1879. The Norton Emery Wheel 
Company was incorporated on June 20, 1885. For complete story 
see page 295. 
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| PORCELAIN 
ENAMEL 


@ AND WHAT THIS 


As a base metal, Armco Enameling Iron 
stands on its own feet. It comes to you 
clean, ductile, uniform in every quality, 
and with a scientifically-processed surface 
that insures strong adhesion. 

If this were all, Armco Enameling Iron 
would still be the most desirable stock 
to use... yet when you recall that it has 
been nationally advertised for twenty- 


PLUS MEANS TO YOU 


two years you see that it is more than a 
first-rate production iron. This is the plus. 

You cannot buy a better all-round 
enameling iron than “ARMCO”, nor an 
iron advertised so long and so well. Here 
is a name you should associate with the 
larger sale of your products. Shall we 
show you how it’s done? The American 
Rolling Mill Company, Middletown, O. 
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GLAZES and SPECIALTIES 


THE PORCELAIN ENAMEL 
and MANUFACTURING CO. 


5602 Eastern Avenue 
Baltimore, Maryland, U. S. A. 


Ceramic Kilns and 
Furnaces 


Complete Equipment 
Designed 
Built 
Operated 


Our broad experience is at your 
service. 


We represent the Ferro Enamel 
Corporation, Cleveland, Ohio, 
as sales agents for its complete and 
successful line of ceramic glazes. 


ALLIED ENGINEERING 
COMPANY 


4150 E. 56th STREET CLEVELAND, OHIO 


(A SUBSIDIARY OF FERRO ENAMEL 
CORPORATION, CLEVELAND, O.) 


CLAYS 


English China and Ball 


for 
HEATING ELEMENTS 
CERAMIC BODIES 
SAGGER USES 


Ceramic Specialties Include 


Whiting : Paris White : Magnesite 
Cornwall Stone : Barium Carbonate 
Zine Oxide : Enameling Clays : Etc. 


HAMMILL & GILLESPIE, INC. 


Importers since 1848 
225 Broadway New York 


ORTON STANDARD 
PYROMETRIC CONES 


For Forty Years 
The American Standard for 


Control of Ceramic Heat Treatment 


THE EDWARD ORTON, JR., 
CERAMIC FOUNDATION 


George A. Bole, D.Sc., Manager 


Laboratories & Office 


1445 Summit Street—Columbus, Ohio 
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American Ceramic Society 3 


FOR ENTERTAINMENT 
AND ENTERTAINING 


To almost every visitor, New York means 


entertainment...and to most, a certain 
amount of entertaining. One of the most 
attractive phases of The Waldorf-Astoria is 
its sparkling social life... its balls, dances, 
banquets ... its gay restaurants where 
New York gathers to enjoy sophisticated 
entertainment and the most famous dance 
orchestras of the day. Single rooms: $6, $7. 


Double rooms: $8, $9, $10. 


THE 


WALDORF 
ASTORIA 


PARK AVENUE - 49TH TO SOTH - NEW YORK 
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BUYERS’ GUIDE—A merican Ceramic Society 
Abrasives Borax Paper Makers Importing Co 
Carborundum Co. (Carborundum and American Potash & Chemical Co. Potters Supply Co 
loxite) Denver Fire Clay Co Spinks Clay Co., H. C. 


Chicago Vitreous Enamel Products Co 
The Hommel Co., O., Inc. 
Norton Co. (Alundum-Crystolon) 
Air Conditioning Systems 
Simplex Engineering Co. 
Aloxite (Refractory Products) 
Carborundum Co. 
Alumina (Hydrate and Calcined) 
Ceramic Color & — Mfg. Co. 
Drakenfeld & Co., B. F. 
Du Pont de & Co.; 
R. & H. Chemicals Dept. 
The Hommel Co., O., Inc. 
Alumina (Fused) Brick and Tile 
Electro Refractories & Alloys Corp. 
The Vitro Mfg. Co. 
Aluminum Oxide (Calcine) 
The Hommel Co., O., Inc 
The Vitro Mfg. Co. 
Aluminum Oxide (Fused) 
Carborundum Co. 
Electro Refractories & Alloys Corp. 
Norton Co. 
The Vitro Mfg. Co. 
Alundum (Refractory Products) 
Norton Co. 
Ammonium Bicarbonate 
Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 
Solvay Sales Corp. 
Ammonium Bifluoride 
Drakenfeld & Co., B. F. 
Du Pont de Nemours, & 
R. & H. Chemicals Dept. 
The Hommel Co., O., 
The Vitro Mfg. Co. 
Ammonium Carbonate 
Ceramic Color & Chemical Mfg. Co. 
Drakenfeld & Co., B. F. 
Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 
The Hommel Co., O., Inc. 
Antimony Oxide 
Ceramic Color & Chemical Mfg. Co. 
Drakenfeld & Co., F. 
Du Pont de Nemours, Co., Ine. 
R. & H. Chemicals Dept. 
The Hommel Co., O., Inc. 
The Vitro Mfg. Co. 
Arches Suspending, and Circu- 
ar) 
Simplex Engineering Co. 
Automatic Brick Car Loaders 
Lancaster Iron Works, Inc. 
Ball! Mills 
Ceramic Color & Chemical Mfg. Co. 
Chicago Vitreous Enamel Product Co. 
The Hommel Co., O., Inc. 
McDanel Refractory Porcelain Co. 
The Vitro Mfg. Co. 
Ball Mills (Laboratory Type) 
Ceramic Color & Chemical Mfg. Co. 
Chicago Vitreous Enamel Product Co. 
Denver Fire Clay Co. 
The Hommel Co., O., Inc. 
The Vitro Mfg. Co. 
Barium Carbonate 
Ceramic Color & Chemical Mfg. Co. 
Drakenfeld & Co., B. F. 
Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 
Hammill & Inc. 


The Hommel Co., 
The Vitro Mfg. 
Barytes 


The Seaboard Feldspar Co. 
Batch Systems 
Lancaster Iron Works, Inc. 
Simplex Engineering Co. 
Batts 
Carborundum Co. (‘‘Carbofrax Aloxite’’) 
Denver Fire Clay Co 
Electro Refractories & Alloys Corp. 
Norton Co. (Alundum-Crystolon) 
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Consolidated Feldspar Corp. 
Potters Supply Co. 
Body Stains 
Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 
Blocks (Refractory) 
Carborundum Co. 
Chicago Vitreous Enamel Product Co. 
Corhart Refractories Co 
Denver Fire Clay Co 
Electro Refractories & Alloys Corp 
Norton Co 
Pittsburgh Plate Glass Co. 
The Vitro Mfg. Co. 


Drakenfeld & Co., B. F 


Du Pont de Nemours, o., 


R. & H. Chemicals Dept. 
The Hommel Co., O., Inc 
Pacific Coast Borax Co 
The Vitro Mfg. Co. 

Borax Glass 
American Potash and Chemical Corp. 
Ceramic Color & eo Mfg. Co. 
Denver Fire Clay Co 
Drakenfeld & Co., B. F. 

Du Pont de Nemours, E. I., & Co., Inc., 
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The Homme! Co., O., Inc. 
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The Hommel Co., O., Inc. 
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The Vitro Mfg. Co. 
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American Potash & Chemical Corp. 
Ceramic Color & Chemical Mfg. Co. 
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Drakenfeld & Co., B. F. 
The Hommel Co.,, O., Inc. 
Pacific Coast Borax Co. 
The Vitro Mfg. Co. 

Boron Carbide 
Norton Co. 

Brick Machines (also Barrows, Molds) 
Lancaster Iron Works, Inc. 

Brick (Refractory) 
Carborundum Co. (‘‘Carbofrax Aloxite’’) 
Chicago Vitreous Enamel Product Co. 
Corhart Refractories Co. 

Denver Fire Clay Co 

Electro Refractories & Alloys Corp. 
Norton Co. 

The Vitro Mfg. Co. 

Carbofrax (Refractory Products) 
Carborundum Co. 

Carbonates (Barium, Lead) 

Ceramic Color & Chemical Mfg. Co. 
Drakenfeld & Co., B. F. 

Du Pont de Nemours, E. I., & Co., Inc., 
, R.& H. Chemicals Dept. 

The Homme! Co., O., Inc. 

The Vitro Mfg. Co. 

Castings 
Lancaster Iron Works, Inc. 

Castings (Abrasive Resisting) 

Bethlehem Steel Co. 

Caustic Potash 
Du Pont de Nemours, E. I., & Co., Inc., 

R. & H. Chemicals Dept. 

Solvay Sales Corp. 

Caustic Soda 
Ceramic Color & Chemical Mfg. Co. 
Denver Fire Clay Co. 

Du Pont de Nemours, E. I., & Co., Inc., 

R. & H. Chemicals Dept. 

The Hommel Co., O., Inc. 
Pittsburgh Plate Glass Co. 
Solvay Sales Corp. 
The Vitro Mfg. Co. 

Cements 
Carborundum Co. 

Chicago Vitreous Enamel Product Co. 
Corhart Refractories Co. 

Electro Refractories & Alloys Corp. 
Norton Co. 

Pittsburgh Plate Glass Co. 

Ceramic Chemicals 
Ceramic Color & Chemical Mfg. Co. 
Drakenfeld & Co., B. F. 

Du Pont de Nemours, E. I., & Co., Inc., 

R. & H. Chemicals Dept. 

The Hommel Co., O., Inc. 

Metal & Thermit Corp. 

The Porcelain Enamel and Mfg. Co. 
Titanium Alloy Mfg. Co. 

The Vitro Mfg. Co. 

Chromium Oxide 
Ceramic Color & Chemical Mfg. Co. 
Chicago Vitreous Enamel Product Co. 
Drakenfeld & Co., B. F. 

Du Pont de Nemours, EF. & Co. Ineé:, 

R. & H. Chemicals Dept. 

The Hommel Co., O., Inc. 
The Vitro Mfg. Co. 
Clay (Ball) 
Ceramic Color & Chemical Mfg. Co. 
Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 
Hammill & Gillespie, Inc 
The Hommel Co., O., Inc. 


The Vitro Mfg. Co 
United Clay Mines Corp. 
Clay (Block) 
Du Pont de Nemours, E. I., & Co., Ine 
R. & H. Chemicals Dept 
Clay (China) 
Ceramic Color & Chemical Mfg. Co 
Consolidated Feldspar Corp 
Edgar Brothers Co 
Edgar Plastic Kaolin Co 
Hammill & Gillespie, Inc. 
The Hommel Co., O., Inc 
Paper Makers Importing Co 
The Vitro Mfg. Co 
United Clay Mines Corp. 
Clay—Cleaners, Feeders 
Lancaster Iron Works, Inc 
Clay (Electrical, Porcelain) 
Ceramic Color & Chemical Mfg. Co. 
Edgar Brothers Co 
Edgar Plastic Kaolin Co 
Hammill & eee: Inc. 
The Hommel Co., Inc, 
Paper Makers Co. 
Spinks Clay Co., H. C 
United Clay Mines Corp. 
Clay (Enamel) 
Ceramic Color & Chemical Mfg. Co. 
Chicago Vitreous Enamel Product Co. 
Du Pont de Nemours, E. I., & Co., Inc., 
H. Chemicals Dept. 
Edgar ‘Brothers Co 
Edgar Plastic Kaolin Co. 
Hammill & Gillespie, Inc. 
The Hommel Co., O., Inc., 
Metal & Thermit Corp. 
Paper Makers Importing Co. 
The Porcelain Enamel & Mfg. Co 
Spinks Clay Co., H. C. 
Titanium Alloy Mfg. Co. 
The Vitro Mfg. Co 
United Clay Mines Corp. 
Clay (Fire) 
Denver Fire Clay Co. 
Edgar Brothers Co 
Edgar Plastic Kaolin Co 
Paper Makers Importing Co 
Pittsburgh Plate Glass Co 
Potters Supply Co. 
Clay (German Vallendar) 
Ceramic Color & Chemical Mfg. Co 
Chicago Vitreous Enamel Product Co 
Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 
Hammill & ee Inc. 
The Hommel Co., Inc. 
The Porcelain E masa & Mfg. Co. 
The Vitro Mfg. Co. 
United Clay Mines Corp. 
Clay Miners 
Edgar Brothers Co 
Edgar Plastic Kaolin Co. 
Paper Makers Importing Co. 
Spinks Clay Co., H. C. 
United Clay Mines Corp. 
Clay (Potters) 
Denver Fire Clay Co. 
Edgar Brothers Co 
Edgar Plastic Kaolin Co. 
Hammill & Inc. 
The Hommel Co., Ine 
Paper Makers Co. 
Spinks Clay Co., H. C. 
United Clay Mines Corp. 
Clay (Process Equipment) 
Lancaster Iron Works, Inc. 
Clay (Sagger) 
Edgar Brothers Co 
Edgar Plastic Kaolin Co 
The Hommel Co., O., Inc 
Paper Makers Importing Co. 
Pittsburgh Plate Glass Co. 
Potters Supply Co. 
Spinks Clay Co., H. C. 
United Clay Mines Corp. 
Clay (Wad) 
Potters Supply Co 
Spinks Clay Co., H. C 
United Clay Mines Corp. 
Clay (Wal! Tile) 
Edgar Brothers Co 
Edgar Plastic Kaolin Co. 
Hammill & Gillespie, Inc. 
Paper Makers Co. 
Spinks Clay Co., H. 
United Clay Mines cox 
Cleaners 
The Porcelain Enamel and Mfg. Co. 
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Clocks (Gauge Board) 
Chicago Vitreous Enamel Product Co. 
The Hommel Co., O., Inc. 
Cobalt Oxide 
Ceramic Color & ree Mfg. Co. 
Drakenfeld & Co., B. F. 
Du Pont de resid E. I., & Co., 
R. & H. Chemicals ‘tia 
The Hommel Co., O., In 
The Porcelain Enamel wal Mfg. Co. 
The Vitro Mfg. Co. 
Colors 
Ceramic Color & Chemical Mfg. Co. 
Chicago Vitreous Enamel Product Co. 
Drakenfeld & Co., 
Du de Nemours, BE. & Co.; Inc., 
& H. Chemicals Dept. 
The 
Pittsburgh Plate Glass Co. 
The Porcelain Enamel and Mfg. Co. 
The Vitro Mfg. Co. 
Cones 
The Edward Orton, Jr., 
tion 
Conveying Equipment 
Lancaster Iron Works, Inc. 
Simplex Engineering Co. 
Corhart 
Corhart Refractories Co. 
Cornwall Stone (Imported) 
Consolidated Feldspar Corp. 
Drakenfeld & Co., B. F. 
Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 
Hammill & Gillespie, Inc. 
The Hommel Co., O., Inc. 
Paper Makers Importing Co. 
Crucibles (Filter, Melting, Ignition) 
Carborundum Co. 
Denver Fire Clay Co. 
Norton Co. 
Pittsburgh Plate Glass Co. 
Potters Supply Co. 
Crushers (Clay) 
Lancaster Iron Works, Inc. 
Crystolon (Refractory Products) 
Norton Co. 
Cullet, Washing Plants, Incinerators, Crushers 
Simplex Engineering Co. 
Decorating Supplies 
Ceramic Color & Chemical Mfg. Co 
Chicago Vitreous Enamel Product Co. 
Drakenfeld & Co., B. F. 
Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 
The Hommel Co., O., Inc. 
Pittsburgh Plate Glass Co. 
The Vitro Mfg. Co. 
Disintegrators 
Lancaster Iron Works, Inc. 
Dryer (Pipe Rack) 
Lancaster Iron Works, Inc. 
Drying Machinery 
Lancaster Iron Works, Inc. 
Simplex Engineering Co. 
Electrocast Refractories 
Corhart Refractories Co. 
Enameling Equipment (Complete) 
Ceramic Color & Chemical Mfg. Co 
Chicago Vitreous Enamel Product Co 
The Hommel Co, O., Inc. 
Simplex Engineering Co. 
Enameling Furnaces 
Carborundum Co. 
Ceramic Color & Chemical Mfg. Co 
Chicago Vitreous Enamel Product Co 
Electro Refractories & Alloys Corp 
The Homme! Co., O., Inc. 
Lancaster Iron Works, Inc. 
Norton Co. 
Enameling Iron (Sheet) 
American Rolling Mill Co. 
Bethlehem Steel Co. 
Enameling Muffies 
Bethlehem Steel Co. 
Carborundum Co. (Carbofrax) 
Chicago Vitreous Enamel Product Co. 
Electro Refractories & Alloys Corp. 
Norton Co. (Alundum) 
Pittsburgh Plate Glass Co 
Simplex Engineering Co. 
Enameling (Practical Service) 
Ceramic Color & Chemical Mfg. Co. 
Chicago Vitreous Enamel Product Co. 
The Hommel Co., O., Inc. 


Inc., 


Ceramic Founda- 


Metal & Thermit Corp 
The Porcelain Enamel & Mfg. Co. 
Titanium Alloy Mfg. Co. 
The Vitro Mfg. Co. 
Enamels 
Ceramic Color & Chemical Mfg. Co. 


Chicago Vitreous Enamel Product Co. 

Du Pont de Nemours, E. I., 
R. & H. Chemicals Dept. 

The Hommel Co., O., Inc. 
Pittsburgh Plate Glass Co. 
The Porcelain Enamel and Mfg. Co. 
The Vitro Mfg. Co. 

Enamel Oxide 
Du Pont de Nemours, E. I., & Co., Inc 
R. & H. Chemicals Dept. 
Enamels (Porcelain) 

Ceramic Color & Chemical Mfg. Co. 
Chicago Vitreous Enamel Product Co. 
The Hommel Co., O., Inc. 

The Porcelain Enamel & Mfg. Co. 
Titanium Alloy Mfg. Co. 

The Vitro Mfg. Co. 

Equipment (Porcelain Enameling) 

Ceramic Color & Chemical Mfg. Co. 
Chicago Vitreous Enamel Product Co. 
The DeVilbiss Co. 

The Hommel Co., O., Inc 

Exhaust Systems 
The DeVilbiss Co. 
Feldspar 
Ceramic Color & Chemical Mfg. Co 
Consolidated Feldspar Corp. 
Du Pont de Nemours, E. I., & Co., 
R. & H. Chemicals Dept. 
The Hommel Co., O., Inc. 

Paper Makers Importing Co 
The Porcelain Enamel and Mfg. Co. 
The Seaboard Feldspar Co. 

The Vitro Mfg. Co. 

Fire Brick 
Carborundum Co. 
Corhart Refractories Co. 

Denver Fire Clay Co. 

Electro Refractories & Alloys Corp 
Norton Co. 

Fire Brick —Process Equipment 

Lancaster Iron Works, Inc. 

Fire Clay 
Kentucky Clay Mining Co. 
Spinks Clay Co., H. C. 
Flint 
Ceramic Color & Chemical Mfg. Co. 
Consolidated Feldspar Corp 
Du Pont de Nemours, E. I., & Co., 
R. & H. Chemicals Dept. 
The Hommel Co., O., Inc. 
Paper Makers Importing Co. 
The Porcelain Enamel and Mfg. Co. 
Flint Pebbles 
Ceramic Color & Chemical Mfg. Co. 
Chicago Vitreous Enamel Product Co. 
Consolidated Feldspar Corp. 
The Hommel Co., O., Inc. 
Floors (Non-Slip) 
Norton Co. 
French Flint 
Consolidated Feldspar Corp. 
Paper Makers Importing Co. 
Frit 
Allied Engineering Co. 
Ceramic Color & Chemical Mfg. Co 
Chicago Vitreous Enamel! Product Co. 
The Hommel Co., O., Inc. 
Porcelain Enamel & Mfg. Co. 
Titanium Alloy Mfg. Co. 
The Vitro Mfg. Co. 
Fuel Oil Systems and Control, Stokers 

Bethlehem Steel Co. 

Simplex Engineering Co. 
Furnaces 
Allied Engineering Co. 

Carborundum Co. (Carboradiant) 
Chicago Vitreous Enamel Product Co 
Denver Fire Clay 

The Hommel Co., Inc. 

Simplex Co. 
Glass Bending Ovens, Glass Decorating Ma- 
chines 
Simplex Engineering Co. 
Glass Equipment 
Hartford-Empire Co. 
Lancaster Iron Works, Inc. 
Glass Melting Pots (Open and Covered) 
Pittsburgh Plate Glass Co. 
Glass Melting Tanks and Furnaces 
Pittsburgh Plate Glass Co 
Simplex Engineering Co. 
Glass Thickness Gauge 
Bausch & Lomb Optical Co 
Glaze and Body Spar 
Ceramic Color & Chemical Mfg. Co. 
Consolidated Feldspar Corp. 
Du Pont de Nemours, E. I., & Co., 
R. & H. Chemicals Dept 
The Hommel Co., O., Inc. 


Inc., 


Inc., 


Inc., 


o., Inc., 


Paper Makers Importing Co. 
The Porcelain Enamel and Mfg. Co. 
Glazes and Enamels 

Ceramic Color & Chemical Mfg. Co. 

Chicago Vitreous Enamel Product Co. 

Drakenfeld & Co., B. F. 

Du Pont de Nemours, E. I., 
R. H. Chemicals Dept. 

The Hommel Co., O., Inc. 

Ingram-Richardson Mfg. Co. of Indiana, 


& Co., Inc., 


Inc. 
The Porcelain Enamel & Mfg. Co. 
Titanium Alloy Mfg. Co. 
The Vitro Mfg. Co. 
Glaze Spar 
Ceramic Color & Chemical Mfg. Co. 
Consolidated Feldspar Corp. 
Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 
The Hommel Co., O., Inc. 
Paper Makers Importing Co. 
Goggles 
Willson Products, Inc. 
Gold 
Ceramic Color & Mfg. Co. 
Drakenfeld & Co., B. 
Du Pont de Nemours, Co., 
R. H. & Chemicals Dept. 
The Hommel Co., O., Inc. 
The Vitro Mfg. Dept. 
Gold Decorations 
Du Pont de Nemours, E. I., 
R. & H. Chemicals Co. 
Granulators 
Lancaster Iron Works, Inc. 
Grinding Wheels 
Carborundum Co. 
Aloxite) 
Chicago Vitreous Enamel Product Co. 
Norton Co. (Alundum-Crystolon) 
Hearths 
Carborundum Co. 
(Carbofrax heat treating) 
Corhart Refractories Co. 
Electro Refractories & Alloys Corp. 
Norton Co. (Crystolon) 
Hearths (Fused Al.O;, SiC) 
Electro Refractories & Alloys Corp 
Hearths (High Aluminous Clay, Electrically 
Sintered Aluminum Oxide, Silicon 
Carbide) 
Carborundum Co. 
Norton Co. 
Hose (Air and Fluid) 
The DeVilbiss Co. 
Iron (Enameling) 
American Rolling Mill Co. 
Bethlehem Steel Co. 
Iron Oxide 


& Co., Inc., 


(Carborundum and 


Ceramic Color & Chemical Mfg. Co. 
Drakenfeld & Co., B. F. 
Du Pont de Nemours, E.1., & Co., Iuc., 


R. & H. Chemicals Dept. 
The Hommel Co., O., Inc. 
The Porcelain Enamel and Mfg. Co. 
The Vitro Mfg. Co. 
Kaolin 
Ceramic Color & Chemical Mfg. Co. 
Consolidated Feldspar Corp 
Edgar Brothers Co 
Edgar Plastic Kaolin Co. 
Hammill & Gillespie, Inc. ] 
The Hommel Co., O., Inc. | 
Paper Makers Importing Co 
United Clay Mines Corp. 
Kellog AA Refractories 
Klectro Refractories & Alloys Corp. 
Kilns, China (Decorating) 
Allied Engineering Co. 
Denver Fire Clay Co. 
Drakenfeld & Co., B. F 
The Hommel Co., O., Inc 
Simplex Engineering Co 
Kiln Furniture (Silicon Carbide, Semi-Silicon 
Carbide) 
Electro Refractories & Alloys Corp. 
Kyanite 
Celo Mines, 
Kryolith 
Ceramic Color & Chemical Mfg. Co 
Du Pont de Nemours, E. I., & Co., 
R. & H. Chemicals Dept. 
The Hommel Co., O., Inc. 
The Vitro Mfg. Co. 
Laboratory Ware 
Norton Co. 
Lehr Tile (High Aluminous Clay, Electrically 
Sintered Aluminum Oxide, Silicon 
Carbide) 


Inc. 
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Carborundum Co. Ingram-Richardson Mfg. Co. of Indiana, Represses (Automatic) 
Electro Refractories & Alloys Corp. Inc. Lancaster Iron Works, Inc. 
Metal & Thermit Corp. Respirators 
Simplex Engineering Co. Ihe Porcelain Enamel & Mfg. Co. Chicago Vitreous Enamel Product Co 
Lehrs (Electric or Fuel Heated) Titanium Alloy Mfg. Co. The DeVilbiss Co. 
Simplex Engineering Co. The Vitro Mfg. Co. The Hommel Co., O., Inc. 
Lehr Loaders y Overglaze Colors Willson Products, Inc. 
_ _ Simplex Engineering Co. Du Pont de Nemours, E. I., & Co., Inc., Rutile 
Linings —_ ad — Refrac- Outs & H. Chemicals Dept. —— Color & Chemical Mfg. Co. 
tory Plate, Brick and Tile) xides Drakenfeld & Co., B. F. 
Carborundum Co Ceramic Color & Chemical Mfg. Co. Du Pont de Nemours, E. I., & Co., Inc. 
Enamel Product Co. Chicago Vitreous Enamel Product Co. & H. Chemicals Dept. 
Corhart Refractories Co. Drakenfeld & Co., B. F. The Hommel Co., O., Inc 
Denver Fire Clay Co. Du Pont de Nemours, E. I., & Co., Inc., Metal & Thermit Corp. 
Electro Refractories & Alloys Corp. R. & H. Chemicals Dept. Titanium Alloy Mfg. Co 
Norton Co. Ingram-Richardson Mfg. Co. of Indiana, The Vitro Mfg. Co. 
Pittsburgh Plate Glass Co. Inc. Saggers 
The Vitro Mfg. Co. Metal & Thermit Corp. Carborundum Co 
‘lectro Refractories & Alloys Corp. itanium Alloy g. Co Norton Co. 
Magnesia (Sintered, Calcined) The Vitro Mfg. Co. Potters Supply Co. 
Drakenfeld & Co., B. F Palladi D ti Salt Cak sian 
Co., alladium Decorations alt Cake 
Du Pont de Nemours, E. Bee CO: LBCe, Du Pont de Nemours, E. I., & Co., Inc., American Potash & Chemical Co 
The oa Pi R. & H. Chemicals Dept. The Hommel Co., O., Inc. 
1 ,O., . Sandblast Helmets 
Norton Co. E Chicago Vitreous Enamel Product Co. Willson Products, Inc 
- — Enamel and Mfg. Co. The Hommel Co., O., Inc. Sand Grinder and Sifters 
agnesite Ingram-Richard: Mfg. Co. id 
Ceramic Color & Chemical Mfg. Co Iron Works, Inc. 
Drakenfeld & Co., Potters Supply C ; 
Du Pont de Nemours, The Hommel Co., O., Ine. 
R. & H. Chemicals Dept. Du Po Selenite of Sodium 
u nt de Nemours, E. I., & Co., Inc., > 
Hammill & Gillespie, Inc. & H. Chemicals Dept Drakenfeld & Co., B. F. 
Manganese Bausch & Lomb Optical C ee eo 
Ceramic Color & Chemical Mfg. Co. Co. Selenium 
Du Pont di & Co., B. F. A Porcelain Enameling Service (Practical) 
Du Pont de Nemours, EB. L., & Co.; Inc:; American Rolling Mill Co Drakenfeld & Co., B. F 
Chic ago itreous Enamel Product Co. The Hommel Co., O., Inc 
The Vitro Mfg. itty Co The Vitro Mfg. Co. 
Chemical Mfg. Co Titanium Alloy Mfg. Co. Ce 
Corhart Refractories Co. ¢ Bethlehem Steel Co. 
Du Pont de Nemours, E. I., & Co., Inc., Porcelain Enamels 5 : % Silica (Fused) 
R. & H. Chemicals Dept. Ceramic Color & Chemical Mfg. Co Electro Refractories & Alloys Corp 
Masks (Breathing) Chicago Vitreous Enamel Product Co The Co: P- 
The DeVilbiss Co Du | de Nemours, E. I., & Co., Inc., Silicate of Soda ge ; 
R. & H. Chemicals Dept 
Ingram-Richardson Mig. Co-of Indiana, & Chemical Ms, Co, 
American Rolling Mill Co. = The Inc 
_ Bethlehem Steel Co & Mfg. Co. Silicon Carbide 
Microscopes (Polarizing) The Vite ‘Mic Co. Carborundum Co 
Bausch & Lomb Optical Co. Electro Refractories & Alloys Corp 
Minerals Potash (Carbonate) Norton Co. 
Ceramic Color & Chemical Mfg. Co. Ceramic Color & Chemical Mfg. Co. Silicon Carbide Firesand 
Drakenfeld & Co., B. Du Pont de Nemours, E. I., & Co., Inc., Carborundum Co. 
Du Pont de Nemours, I B.5s,,0e ox, ite... R. & H. Chemicals Dept. Sillimanite Refractories 


R. & H. Chemicals Dept. 
Hammill & Gillespie, Inc. 
The Homme! Co., O., Inc. 
The Vitro Mfg. Co 

Mixers (Batch) 
Lancaster Iron Works, Inc. 
Mold Sanders 
Lancaster Iron Works, 
Muffles (Furnace) 
Allied Engineering Co 
Carborundum Co. (Carbofrax) 
Chicago Vitreous Enamel Product Co. 
Denver Fire Clay Co. 
Electro Refractories & Alloys Corp. 
Norton Co 
Pittsburgh Plate Glass Co. 
Simplex Engineering Co. 
Muffies (Laboratory) 
Electro Refractories & Alloys Corp. 
Mullite (Refractories) 
Electro Refractories & Alloys Corp 
Muriatic Acid 
Denver Fire Clay Co. 
The Hommel Co., O., Inc. 
Nitrates (Cobalt, Sodium) 
Ceramic Color & Chemical Mfg. Co 
Drakenfeld & Co., B. F. 
Du Pont de Nemours, & Co, 
R. & H. Chemicals Dept. 
The Hommel Co., O., Inc 
The Vitro Mfg. Co. 
Non-Gro Refractories 
Electro Refractories & Alloys Corp. 
Norbide (Norton Boron Carbide) 
Norton Co. 
Olivine 
Du Pont de Nemours, E. I., & Co., 
R. & H. Chemicals Dept. 
Opacifiers 
Ceramic Color & Chemical Mfg. Co. 
Du Pont de Nemours, E. I., & Co., 


Inc. 


Inc., 


Inc., 


Inc., 


R. & H. Chemicals Dept. 
The Hommel Co., O 


Inc. 


The Hommel Co., O., Inc. 

Solvay Sales Corp. 

The Vitro Mfg. Co. 
Producer Glass Plants 

Simplex Engineering Co. 
Pug Mills 

Lancaster Iron Works, Inc. 
Pyrophyllite 

The Seaboard Feldspar Co. 
Pyrometer Tubes 

Carborundum Co 

Electro Refractories & Alloys Corp. 

Montgomery Porcelain Products Co. 
Pyrometer Tubes (Refractory and Hard 

Porcelain) 

Denver Fire Clay Co 

McDanel Refractory Porcelain Co. 

Montgomery Porcelain Products Co. 

Norton Co 
Pyrometric Cones 

The Edward Orton, Jr., 

tion 

Raw Material Handling Equipment 

Simplex Engineering Co. 

Lancaster Iron Works, Inc 
Refractometers 

Bausch & Lomb Optical Co 
Refractories 

Carborundum Co 

Corhart Refractories Co. 

Denver Fire Clay Co. 

Electro Refractories & Alloys Corp 

Norton Co. 

Pittsburgh Plate Glass Co. 
Refractory Materials 

Carborundum Co. 

Chicago Vitreous Enamel Product Co. 

Corhart Refractories Co. 

Denver Fire Clay Co. 

Electro Refractories & Alloys Corp. 

Norton Co. 

Pittsburgh Plate Glass Co. 

Titanium Alloy Mfg. Co. 


Ceramic Founda- 


Electro Refractories & Alloys Corp. 
Sillimanite (Synthetic) 
Pittsburgh Plate Glass Co. 
Slabs (Furnace) 
Carborundum Co. 
Electro Refractories & Alloys Corp 
Norton Co. 
Ingram-Richardson Mfg. Co. of Indiana, 
Pittsburgh Plate Glass Co. 
Soda Ash 
American Potash and Chemical Corp 
Ceramic Color & Chemical Mfg. Co. 
Denver Fire Clay Co. 
Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 
The Hommel Co., O., Inc. 
Pittsburgh Plate Glass Co. 
Solvay Sales Corp. 
The Vitro Mfg. Co. 
Sodium Antimonate 
Ceramic Color & Chemical Mfg. Co. 
Drakenfeld & Co., B. F. 
Du Pont de Nemours, E. I., & Co., 
R. & H. Chemicals Dept. 
The Hommel Co., O., Inc 
Metal & Thermit Corp. 
The Vitro Mfg. Co 
Sodium Fluoride 
Ceramic Color & Chemical Mfg. Co. 
Denver Fire Clay Co. 
Drakenfeld & Co., B. F. 
Du Pont de Nemours, E. I., & Co, Inc., 
R. & H. Chemicals Dept. 
The Hommel Co., O., Inc. 
The Vitro Mfg. Co. 
Sodium Silica Fluoride 
Ceramic Color & Chemical Mfg. Co. 
Du Pont de Nemours, E &‘Co., 
R. & H. Chemicals Dept 
The Hommel Co., O., Inc. 
Soot Blowers 
Simplex Engineering Co. 


Inc., 


Inc 
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Special Machines Tile (Floor) Tubes (Pyrometer) 
Simplex Engineering Co. _ Norton Co. Carborundum Co. 
Spar Tile (Muffle) Denver Fire Clay Co. 
Ceramic Color & Chemical Mfg. Co. Carborundum Co. Electro Refractories & Alloys Corp 
Consolidated Feldspar Corp Electro Refractories & Alloys Corp McDanel Refractory Porcelain Co 
Du Pont de Nemours, E. I., & Co., Inc., Norton Co Montgomery Porcelain Products Co 
R. & H. Chemicals Dept. Tile (Refractory) Norton Co. ‘ ; 
The Hommel Co., O., Inc Carborundum Co. (Carbofrax) Pittsburgh Plate Glass Co. 
Paper Makers Importing Co. Chicago Vitreous Enamel Product Co. Uronium Oxide (Yellow-Orange-Black) 
Spray Booths Denver Fire Clay Co. Du Pont de Nemours, E. I., & Co., Inc., 
The DeVilbiss Co. Electro Refractories & Alloys Corp. R. & H. Chemicals Dept. 
Spraying Equipment Norton Co. : “ Water Softening Plants 
Pp rhe DeVilbiss oy ; Pittsburgh Plate Glass Co. Simplex Engineering Co. 
Spurs Tile (Wall) Wet Enamel 
Potters Supply Co. Pg ty Fire Clay Co. Ceramic Color & Chemical Mfg. Co 
in Oxide Chicago Vitreous Enamel Product Co 
Stacks s r , Ceramic Color & Chemical Mfg. Co The Hommel Co., O., Inc. 
Lancaster Iron Works, Inc. BOF T Co., O., Ir 
Construction rakenleld & Co., b. BF. The Porcelain Enamel & Mfg. Co. 
Steel Plate Const “ Du Pont de Nemours, E. I., & Co., Inc., Wtonium Ailov Mic. Co 
lloy Mfg. Co. 
Bethlehem Steel Co tanit y 
R. & H. Dept. The Vitro Mfg. Co. 
Lancaster Iron Works, Inc. The Hommel Co., O., Inc Whiting 
Stilts Metal & Th ve 
Potters Supply Co. The orp. Mfg. Co. 
eng I manag og ai Inc Ceramic Color & Chemical Mfg. Co R. & H. Chemicals Dept. 
Tal SPs : Id B Hammill & Gillespie, Inc. 
alc 1¢ Hommel Co., O., Inc. The Hommel Co., O., Inc. 
Ceramic Color & Chemical Mfg. Co. Tine 
1e Hommel Co., O., Inc ‘ 3 
Paper Makers Importing Co. Ceramic Color & Chemical Mfg. Co 
Tank Du Pont de Nemours, E. I., & Co., Inc., 
anks R. & H. Chemicals Dept. R. & H. Chemicals Dept. 
Simplex Engineering Co. he Hommel Co., O., Inc. Phe Homme inc. 
Tank Blocks ; : Metal & Thermit Corp The Vitro Mfg. Co 
Corhart Refractories Co Titanium Alloy Mfg. Co. Zirconia 
-ittsburgh Plate Glass Co. The Vitro Mfg. Co 3 
sgh “eh Truck & Ceramic Color & Chemical Mfg. Co 
Tanks (Pickle) ruckKs Du Pont de Nemours, E. I., & Co., Inc., 
Chicago Vitreous Enamel Product Co. Lancaster Iron Works, Inc R. & H. Chemicals Dept. 
The Hommel Co., O., Inc Tubes (Insulating) The Hommel Co., O., Inc. 
Tanks for Raw Material Steel or Concrete Carborundum Co Metal & Thermit Corp 
Bethlehem Steel Co McDanel Refractory Porcelain Co Titanium Alloy Mfg. Co 
i_ancaster Iron Works, Ine Norton Co The Vitro Mfg. Co 


BOREC ACID 


Se’ect the Brand which has back of it years of successful use 
by experienced Ceramists 


Pacific Coast Borax Co., New York 


Chicago Los Angeles 


TRADE MARK 
ue mr ore 
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JOURNAL OF AMERICAN CERAMIC SOCIETY 
AND ALL IMPORTANT MAGAZINES FROM THE WORLD OVER 


We furnish single copies, volumes and sets or photostat reproductions of specific | 
sections, reasonably and promptly 


WRITE, PHONE OR WIRE PERIODICALS DEPARTMENT 


THE H. W. WILSON COMPANY 950 University Avenue, New York 
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American Ceramic Society 


EVELOPED especially for use in the parts 
of grinding machinery that are exposed to 
Severe abrasion, Bethlehem 88-80 opposes abra- 
sive wear with an exceptional combination of 
properties. Castings of 88-80 not only have ex- 
ceedingly high resistance to abrasion but this 
quality is uniform throughout the casting. Con- 
sequently, such wear as occurs is uniform across 
the face. And the entire thickness of the casting 
can be counted on for a full measure of grinding. 

88-80 Muller tires bring savings in four dis- 
tinct ways: 


1. More material is ground per pound of steel bought. 


2. The laborious job of replacing tires occurs less fre- 
quently. 


3. As the surfaces do not wear concave if properly 
handled, a higher output per mill can be maintained. 


4. The freedom from concave wearing makes for maxi- 
mum economy of power consumption throughout 
the life of the tires. 


On other types of grinding equipment similar 
advantages result from the use of grinding parts 
made of Bethlehem 88-80. The total of the sav- 
ings is impressive. 


Other Bethlehem Products for the Brick Industry 


Bethlehem Abrasive-Resisting Plates—Experience has indicated 
that these steel plates have from three to five times the life of 
ordinary plates in chutes, hoppers, dump-car bottoms and similar 
applications in the handling of abrasive materials. 

Bethlehem Tool Steel—Dry press and repress liners made of 
Bethlehem Tool Steel have exceptionally long life. 

Beth-Cu-Loy Sheets—For long-lasting roofing and siding use 
Galvanized Sheets of low-cost, rust-defying Beth-Cu-Loy (copper- 
bearing steel). Use Beth-Cu-Loy Black Sheets for pallets. 

Also—Bethlehem Light Rails, Steel Ties, and Track Equipment; 
Steel Bars and Kiln Bands; Boiler Tubes. 


Bethlehem District Offices are located at Albany, Atlanta, 
Baltimore, Boston, Bridgeport, Buffalo, Chicago, Cincinnati, 
Cleveland, Dallas, Detroit, Honolulu, Houston, Indianapolis, 
Kansas City, Los Angeles, Milwaukee, New York, Philade!phia, 
Pittsburgh, Portland, Ore., Salt Lake City, San Antonio, San 
Francisco, St. Louis, St. Paul, Seattle, Syracuse, Washington, 
Wilkes-Barre, York. Export Distributor: Bethlehem Steel Export 
Corporation, New York. 


ENERAL OFFICES: BETHLEHEM, PA. : 
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McDANEL REFRACTORY PORCELAIN COMPANY 
Manufacturers of 
PORCELAIN TUBES PROTECTION TUBES 


| INSULATING TUBING and BEADS 
BEAVER FALLS PENNSYLVANIA 


THREE ELEPHANT 


REG. U.S. PAT. OFF. 


REG. U.S. PAT. OFF. 


AND BORIC ACID 


GUARANTEED OVER 99.5% PURE 
AMERICAN POTASH & CHEMICAL CORPORATION 


70 Pine Street, New York 


MONTGOMERY PORCELAIN PRODUCTS CO. 


Specializing in 
Primary Protection Tubes for all makes of Pyrometers 
“Corundum” “Mullite” “Silicon Carbide” ‘Refractory Porcelain” 
_FRANKLIN OHIO 


Numerical Documentation 


THE ANNUAL TABLES OF CONSTANTS (A.T.C.) 


AND NUMERICAL DATA 


Chemical, Physical, Biological, and Technological 


collect, classify, and publish, since 1910, everything in Pure and Applied 
Natural Sciences capable of being expressed by a number 


For the period 
( 1910-1929 the e complete and 


since 
(i938 continue the International Critical Tables (I.C.T. ) 


The A.T.C. are absolutely necessary to all scientists. 


They represent 


the only one complete documentation—the most inexpensive—the easiest to consult 
owing to an Index systematically arranged which enables one to locate at once the data required. 


For any information—any specimen—any volume on free examination 


Apply immediately to 


Canada and U.S.A. Other Countries 
The McGraw-Hill Book Company, Inc. M. C. MARIE 
370 Seventh Avenue 9, rue de Bagneux 
New York, N. Y. Paris VI° France 


Volumes published: 1st Series—I to V—1910—1922 (5382 pages) and index (382 pages) 

2nd ‘““ VI to IX—1923-1929 (7884 pages) and iadex to Vol. IX (124 pages) 
Specimens: Reprints of the following sections are sent free of charge: Spectroscopy—Electricity, Magnetism, 
and Electrochemistry—Radioactivity—Crystallography and Mineralogy—Biology—Engineering and Metal- 
lurgy — Colloids — Wireless — Photography — Geophysics — Combustible Gaseous Mixtures, Powders, and 
Explosives. 
English versions: Beginning with Volume VII, all explanations to the tables are given both in English and 
French. 
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WITH 


EAUTY and character of design and decoration 
created demand for ceramic ware even when 
decorative materials were scarce, few in number, 
non-dependable and costly. Through painstaking 
labor, artists gave their work beauty that brought 


DESIGN DECORATION 


anteed as to uniformity and full 
color value. Our metallic decora- 
tions—gold, silver, platinum—can 
be applied to the most inexpensive 
pieces to give them greatly in- 


high prices. 

Todayeven the 
most inexpensive 
ceramic ware 
may have the 
same sales ap- 
peal, thanks to 
decorative ma- 
terials designed for modern produc- 
tion methods. 

The du Pont line of colors and 
decorations for enamels, pottery 
and glass will 
meet your re- 
quirements. Full, 
bright colors— 
pastel shades — 
in fact, any color 
you need, guar- 


REG Pat OFF 


® PRECIOUS METAL DECORATIONS 


. For Dinnerware and Glassware. 


® GLASS COLORS... For All Types of 


Glass Decorations. 


e BODY, SLIP AND GLAZE STAINS 
. (Overglaze and Underglaze) For 
Pottery, Tile, and Heavy Clay Prod- 


ucts. 


For Porcelain 


e COLOR OXIDES... 


Enamels. 


e TIN OXIDE .. A Trouble- Free 


Opacifier for General Use. 


e RAW MATERIALS 


Write to the nearest of the offices listed below, 
or direct to Perth Amboy, for prices and further 


details on specific items. 


creased sales 
value. And for 
general use, try du Pont Tin Oxide, 
a trouble-free opacifier, made by 
the most modern methods. - 

From the sample order to 
the large shipment of standard 
color our products are right. Their 
recognized superiority has 
come through 
fifty years of 
manufacturing 
experience. Our 
competent tech- 
nical men gladly 
assist, without 
obligation to 
you, in the application of these 
du Pont materials. 


| 
— | 
THE R. & H. CHEMICALS DEPT., E. |. DU PONT DE NEMOURS & COMPANY, Inc. _ 7 
District Sales Offices: Baltimore Boston - Charlotte Chicag Cieveland 
GU PONT Kansas City - Newark New York Philadelphia Pittsburgh San Francisco. 
| Sates Agent: L. Reusche & Company, Newark,N. 
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12 CORHART FURNACES HAVE 
REFINING YEARS OLD 


a the numerous Corhart refining ends 
today, thereare fwe/ve inthe U.S. alone that have 
passed their seventh year without repairs except for 
a block or two at key points. Corhart Electrocast 
has been on the market for only eight years. 


The above photograph shows why such records are 
possible. It illustrates a Corhart refining end 
after a long pull at heavy load making clear flint 
glass for bottles. 


For several years manufacturers have been placing 
Corhart feeder entrances in otherwise clay refin- 
ing ends, only to find the adjacent clay blocks so 
badly eroded as to necessitate their replacement, 
which in turn often resulted in destruction of the 
Corhart. The complete installation of Corhart 
has therefore become a necessary and logical con- 
sequence. 


Aside from eliminating the nuisance and cost of 
refining end repairs, Corhart installations have 


proven their value by decidedly reducing losses 
from defective ware. The above photograph 
illustrates why this is true. Corhart stays in the 
wall where it belongs and not in the glass. 


If you desire more information as to what Corhart 
refining ends can do for your operations, and at 
what cost, we'll be glad to send you the facts. 


Address : Corhart Refractories Co., Incorporated, 
16th and Lee Sts., Louisville, Ky. Jn Europe: 
L’Electro Refractaire, Paris. YFapan: Asahi 
Glass Co., Tokio. 
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FUNDAMENTAL PROBLEMS RELATING TO THE STRENGTH OF GLASSWARE* 


By F. W. 


PRESTON 


Epitor’s Note: The following papers conclude a series on the strength of glass which 
was presented at the Summer Meeting of the Glass Division, September 13 to 15, 1935. 
The first two papers in this series were published in the July issue of The Bulletin. 


The science of the mechanical strength of glass 
will be discussed, possibly from a more fundamen- 
tal and less specialized angle than a discourse on 
electric-lamp bulbs. This Symposium deals 
mainly with practical experiences of testing, for 
our practical needs at the present time must be 
met by empirical procedures. It may seem there- 
fore that the writer’s attempt to consider purely 
scientific angles is somewhat gratuitous. 

I wish to call attention first to the limitations 
of the Theory of Elasticity. This is a most useful 
branch of science and highly mathematical. It 
looks so profound and thorough that unfortu- 
nately those who do not understand it are unduly 
impressed by it. It is not generally recognized 
how little this theory has really succeeded in ex- 
plaining or what simplifications are introduced to 
make mathematical symbols on which the theory 
can operate. 

The theory of elasticity sets out to determine 
what stresses will be created in certain bodies, 
usually bodies of a simple geometrical shape, by 
certain forces or pressures, usually of a simple 
character. The first assumption is that the 
stresses are elastic in character, that is, they will 
disappear with the removal of the forces, and the 
strains or distortions will likewise disappear. 
Unfortunately, we are rarely, if ever, interested in 
stresses of this type. As long as an article is 


* Received December 31, 1935. 


stressed within the elastic limit, we do not care 
whether it is stressed at all. The possibility of a 
thing being ‘‘overloaded”’ and ‘“‘failing,’’ that is, 
passing beyond the elastic limit, is the only thing 
that is important. 

When I pour hot coffee into my china cup or 
porcelain mug I know from experience that the 
ware will not break. But when I pour coffee into 
a glass cup I know that, whatever the theory may 
be, in practice the thing is about as apt to break as 
not, and immediately I get the jitters. Unfortu- 
nately, the theory of elasticity has nothing to say 
about breakage: it is concerned only with the dis- 
tribution of stress throughout a body subject to 
load and with the strains produced thereby. 
Plastic failure or brittle fracture is beyond its 
treatment. 

Even the assumption that glass fails when an 
applied stress exceeds the strength of the material 
is not true in any general sense. As a literary ef- 
fort, this may merely mean that the ware breaks 
when it can not stand the “‘gaff,’’ but if we try to 
give precision to the statement by assigning a 
numerical value to the word ‘“‘strength,’’ we usu- 
ally find that there is no figure that can be set 
down as the “‘strength”’ of a glass or, if there is, the 
stress which breaks the glass in any particular in- 
stance has little or nothing to do with this figure. 
In a glass of definite chemical composition and 
properly annealed, we can say that, whatever its 
shape or outward appearance, it can have only 
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one refractive index for sodium light, and we can 
find its value. There is only one photoelastic 
constant, and we can find that; there is a definite 
liquidus temperature and course of crystallization, 
subject only to minor vagaries; there is a definite 
value of Young's modulus of elasticity and of 
Poisson's ratio; but there is no definite figure for 
“strength.” 

G. W. Morey has stated that all commercial 
glass is ‘‘grossly inhomogeneous’ from the view- 
point of physical chemistry, and he has gone to 
much trouble to prepare homogeneous samples for 
his work on crystallization; but even the best of 
his samples are grossly inhomogeneous from a 
mechanical standpoint. This does not mean that 
they are full of ‘‘cords’’; it perhaps means only 
that they are full of atoms. The theory of elas- 
ticity assumes that matter, such as glass, is a con- 
tinuum; in reality it is a discontinuous structure 
made of atoms, a network with rents in it. 

The theoretical strength or ‘‘cohesion”’ of glass is 
very high. In practice, the strength we find is 
probably not 1% of what is theoretically possible. 
Glass ought to support one million pounds per 
square inch (tension), but in practice it often fails 
at 4000 pounds. 

The possibility that one day we may attain 
something like the theoretical strength is not to be 
dismissed lightly; temporarily, strengths not far 
short of it have been attained. The value of such 
a material as a glass, with a weight not exceeding 
that of aluminum, a chemical permanence exceed- 
ing that of stainless alloys, a strength exceeding 
the finest nickel steel, and far cheaper than any, is 
obviously such as would open a new era in civiliza- 
tion. The search for the missing strength of 
glass, hopeless though it may appear from past 
experience, must clearly continue to be one of the 
major objectives of the human race. 

The fact that some 99% of the strength of glass 
is missing in practice no doubt explains why 
measurements of strength vary so much. A vari- 
ation in the missing amount from 98.5 to 99.5% 
does not seem great, but the residual strength, 
which is what we measure, would then vary from 
'/, to 11/.% of the theoretical, which is a three to 
one ratio; it may also be expressed as a + 50% de- 
viation from the average (residual) strength. 
Such values are obtained, and deviations of the 
order of +15 or 20% are usual. 

In dealing with structural steel, the theory of 
elasticity, which is favored by engineers even in its 
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cruder forms, is often useful for a reason which is 
of no particular credit to the theory itself. After 
structural steel passes the ‘‘yield point,’’ it enters 
a plastic range. In this range the strain or dis- 
tortion increases rapidly, while the stress increases, 
for a time, but little. This permits the highly 
stressed areas to pass on part of their load to other 
areas so that, in many cases, the stress distribution 
becomes more nearly what the designer hoped it 
would be or what the theory of elasticity indicated. 
This automatic simplification produced by the 
steel is something outside the purview of the glass 
worker. //is material is not so obliging. 

The plasticity of steel, when overstressed, is in a 
sense itself a residual property. Pure iron is 
extremely soft and plastic, and a single crystal of 
absolutely pure iron would probably be as strong 
as putty. The irons and steels that we actually 
use are strengthened in two ways, (1) by alloying 
them with carbon and other elements and (2) by 
substituting a mosaic of crystals for a single 
crystal. Both procedures are equivalent to mak- 
ing a partial glass of the metal. Thus by acurious 
perversity, we can confer on iron, which is theo- 
retically weak, the great strength of nickel steel, 
while with silica glass, which is theoretically 
strong, we can obtain only weak specimens in 
practice. 

Most engineering structures are too complex for 
adequate analysis by the theory of elasticity, and 
in practice we try to reduce structures to designs 
on which some sort of calculation is possible. 
Thus we try to use triangulated lattice girders or 
arches conforming to inverted catenaries, and we 
introduce weak spots, ‘‘hinges,’’ into arches to in- 
sure that the stresses shall be what we hope they 
will be. 

Dr. Hampton recently called the writer's atten- 
tion to the fact that the theory of elasticity had 
not, as yet, produced any solution of many ap- 
parently simple problems. For instance, he had 
been unable to find any theory of the stability of a 
thin spherical shell subjected to uniformly dis- 
tributed external hydrostatic pressure. The 
shrinking earth is believed to have collapsed from 
a sphere to a half-hearted tetrahedron, with four 
low spots and four high corners, and this may pre- 
sumably be the natural fate of a hollow sphere 
subjected to external pressure, but I have no- 
where found the theory of the critical collapsing 


pressure. 
If the sphere be initially a little out of round, the 
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collapsing pressure is probably much lower, and an 
ellipsoidal shell might have very little strength. 
Similarly, a spherical shell with variable wall 
thickness might have little strength. 

Eggs, as everyone knows, are quite strong end- 
wise and weak sidewise, but we have no theory to 
deal with this. Submitted suddenly to increased 
atmospheric pressure, the weakness 
might be fatal. 

Many objects of glass can be regarded as ap- 
proximations to hollow spheres, ellipsoids, or 
ovoids (eggs), and they are often used under par- 
tial internal vacuum, that is, under excess ex- 
ternal pressure. The matter is not academic, and 
we have as yet no assistance from the theory of 
elasticity. On the other hand, we have a theory 
of the collapse of hollow tubes, which is quite 
complicated, both as to the form the tube shall 
assume on collapsing and the effect of length of 
tube on the form and on the pressure required. 

From these dark subjects we turn to a darker 
one, the mysterious influence of the time factor 
on residual strength. There is nothing whatever 
in the theory of elasticity which envisages the 
possibility that glass may fail in an hour under 
a stress it has stood for half an hour. There 
seems to be a tendency to apply the term 
“fatigue” to this failure under prolonged loading. 
The term is a natural one, but it does not agree 
entirely with what the engineer usually under- 
stands by fatigue. He understands by the term, 
not that steel gets tired of passively supporting a 
steady load, but that it can be wearied by making 
it do something, such as vibrating. Thus a spring 


sidewise 


under alternate compression and relaxation is 
found to give out at lower stresses than a spring 
under constant maximum load. Before we apply 
the term ‘“‘fatigue’’ to the phenomenon in glass, 
we ought to be sure that it is a similar phenome- 
non. 

As a matter of form, I should object to a state- 
ment that “‘the compressive strength of glass is 
much higher than its tensile strength, possibly 
seventeen times as great.’’ The term ‘‘compres- 
sive strength” is meaningless, for all we can meas- 
ure in a compression test is not a property of the 
glass, but a property of the set-up. The glass 
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fails under compression when there is accidentally 
or incidentally some tension developed. The set- 
up never intends to develop such tensions, but it 
usually does for various reasons which are too 
technical for immediate discussion. If these ten- 
sions are bad enough, the glass breaks, whereupon 
the-man making the test looks at the dial and re- 
cords its reading as the compressive strength of 
the glass. 

I have previously referred to the importance of 
mechanical strength in theory—the vision of re- 
capturing the missing strength of glass. It ought 
not to be forgotten that even in its present lamen- 
table state, the most valuable properties of glass 
are its mechanical properties. The most valuable 
pieces of glass in the world are the big telescope 
reflectors, the St. Gobain disk now at Mount 
Wilson, and Corning’s 200-inch one at Mount 
Palomar. These are simply mechanical floors on 
which is buttered a thin reflecting film of silver or 
aluminum. The optical properties are of little 
interest, the mechanical properties all-important. 
Permanence of shape is the first requisite, great 
rigidity, and absence of plastic deformation. 

In the case of commoner brands of glassware, 
strength is usually equally important, and as the 
subject is so abstruse, methods of testing are vi- 
tally important. We should like to know what 
we really determine by our existing tests. Manu- 
facturers are usually trying, by testing, to insure 
that their product is as good as usual, 7.e., that 
their operations are proceeding normally. 

It is held, legally, that tests are made to ensure 
that the product will be equal to any service it may 
be called upon to stand. This is going much fur- 
ther than the manufacturer wishes, for he does 
not know how roughly his ware is to be handled or 
how long it will be in use. A symposium, or 
series of symposia (for similar ones are to be held 
in England and Germany), to find out what we 
know at present about mechanical strength and 
methods of testing it, is a first step toward agree- 
ment on what tests to apply to a given class of 
ware and what we may reasonably feel that we 
know when the tests have been used. 
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TESTS OF THE STRENGTH OF ELECTRIC-LAMP BULBS WITH SPECIAL 
REFERENCE TO THE TIME FACTOR* 


By Joun M. McCormick 


I. Introduction 

One difficulty common to all tests of mechani- 
cal strength of glassware is the large variation of 
results obtained from apparently uniform samples, 
necessitating the testing of a large number of 
samples to strike an average. This factor as- 
sumes great importance in tests involving the 
time factor, especially for those tests in which the 
loading interval is long. (If we are to investigate 
the effect of sustained loads, we must use long 
periods of time in our tests since there is no way 
yet of estimating the long-time strength from re- 
sults of tests of short duration.) A single figure 
or a single point on a curve, e.g., the average 
strength after three hours for one specific group of 
samples, represents the result of three or four 
weeks of continuous testing. A complete investi- 
gation would require an almost unbelievable 
length of time. We are therefore obliged to re- 
port once more that the results obtained, though 
apparently sound, are not necessarily final. 

The effect of sustained loading on glassware is, 
perhaps, of most direct interest to manufacturers 
of bottles. To make tests on bottles themselves 
involves difficulties due to their shape, which 
is complex at best. Bowes! has suggested that 
an attempt be made to determine the effect of 
sustained loading on simple-shaped objects. 
Glass laths and glass rods were suggested. 

Glass laths, being cut from sheet or from plate, 
are subject to the variation in strength of the glass 
from which they are cut. Their cut edges intro- 
duce an element of uncertainty because of the 
possibility of local flaws caused by the cutting, 
and the determination of stress is complicated by 
the local disturbance caused by the knife edges 
used to apply the load. In all, they are not 
“simple objects’ for test purposes. Preston has 
given a preliminary report of tests on laths.* 

Glass rods, also, are not as simple objects for 
testing as they might seem, since it is difficult to 
apply the load without disturbing the stress dis- 
tribution. 

It seemed, therefore, that there might be merit 


Received December 31, 1935. 
1 U. E. Bowes, private communication. 
2 F. W. Preston, ‘‘The Time Factor in Testing Glass- 


in making tests on spherical glass shells for, if the 
shell be thin and the load be applied as internal 
hydrostatic pressure, the stresses in the glass 
should be relatively simple. 

In the past the strength of electric-lamp bulbs 
has been a matter of considerable interest. Re- 
cently, Spencer* has suggested that information 
on prolonged tests of bulbs, or on tests of known 
duration, should be of value. Since electric- 
lamp bulbs approximate spherical shells, they 
seemed to offer both theoretical and commercial 
interest. 


ll. Experimental Set-Up 

The primary objective in selecting samples for 
these tests was to obtain uniformity so that the 
results obtained might be comparable. Samples 
from the Corning ‘399”’ bulb machine were se- 
lected because the product of that type of ma- 
chine might be expected to be fairly accurately 
spherical, fairly uniform in wall thickness, free 
from seams, free from metal chills, and, in fact 
mechanically ideal. 

The two companies, ‘‘A,’’ and ‘“‘B,’’ operating 
such machines kindly supplied several hundred 
bulbs each. The bulbs obtained from “‘B”’ are 
known as A21E1, and the shape and thickness of 
an individual specimen, as determined by the 
writer, is shown in Fig. 1. The composition as 
reported by the manufacturer of the bulbs is as 
follows: 


composition composition 


SiO, 72.4% SiO, 71.4% 
0.8 Na.O 1720 
Fe,0O; 0.4 Al,O3 
CaO 5.38 CaO 5.4 
MgO Sot MgO 4.0 
Na.O_ 17.4 K.O 0.6 


Since the bulbs were all made on the ‘399,’ 
presumably in normal operation, and the speci 
mens in each lot taken from the same run under as 
nearly identical conditions as possible, it is proba- 
ble that the individual specimens were more 
nearly alike than most industrial glassware. 

The tests were made on a specially built testing 
machine which operated on the same principle as 
the precision-testing machine devised some time 


3 C. D. Spencer, private communication. 
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ago. The greatest difficulty was in effecting a 
good seal with the neck or base of the bulb. As 
manufactured, the base is irregular and has a 
sharp edge. It was possible to obtain a good seal, 
using the method in common use for bottles after 
grinding down the edge, but in bulbs broken using 
such a seal, the fracture almost always indicated 
trouble in the neck arising from the jaws which 
must be used to hold the bulb against the seal. 


ac 


-Cross-section of bulb. 


Finally a special machine was made on which a 
thin-walled, soft-rubber sac, of approximately the 
size and shape of the inside of the bulb and per- 
manently attached to the machine, acted as a con- 
tainer for the liquid (Fig. 2). With this device 
the water does not come in contact with the glass 
at all. The sac, being soft and thin and only 
slightly distended when in use, transmits virtually 
all the pressure to the glass. This arrangement 
has worked perfectly and, if a properly designed 
sac is used, replacements are few and easily made. 

The load was applied in steps, the pressure being 
increased at definite intervals by equal incre- 
ments of about ten pounds per square inch. In- 
tervals of from five seconds to three hours were 
used. 


Il. Errors 
The primary observations were those of pres- 
sure and of time. The machine used is so de- 
signed that the error in the observed pressure is 


4F. W. Preston, ‘“‘Pressure-Testing Machines,” Glass 
Ind., 15 [10] 252 (1934); Ceram. Abs., 14 [2] 45 (1935). 
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negligible. The error in time is also negligible 
for all tests of more than about thirty seconds’ du- 
ration. It is not negligible in the short tests be- 
cause the increase in pressure can not be instan- 
taneous, and a short time must elapse before the 
pressure attains its full value. The effect is that 
the time reported is probably slightly too long. 


Fic. 2.—Detail of machine. 


The tests reported as of five seconds’ duration 
should perhaps be about three to four seconds. 
The average deviation of individual values is 
low when compared with other tests of glassware. 
The probable error of the mean, as calculated 
from the deviation of individual values, is quite 
small, being of the order of 3% of the whole. 


IV. Results 


It was found that the specimens lacked that 
uniformity which was sought; that almost all 
were slightly out of round, some considerably so; 
and that the thickness was by no means uniform 
around the periphery. The conditions 
which were thought to simplify the investigation 
complicated it, for it seems that the minor varia- 
tions in shape and structure play an important 
part in determining the stresses which result in 
failure. 


very 


4% 
9"D | 
é nlet hag 
It 
| 
: 
0025 -- ge 
Die P 
Pa, | - / \ 
' S.noort for jaw 
'lo ' 
' 
f; 
= / 
S } 
/ \ 
' ' 
' 
RES 


270) 


A few measurements were made of the deforma- 
As pressure is 


NOTE: 
tion which takes place during the test. 
applied, the shape usually tends to become less elliptical 
(in one instance the opposite behavior was observed). 
This change of shape must cause stresses from a bending 
action. The calculated value of the stress introduced in 
this manner, assuming the bulb to be initially 0.010 inch 
out of round (not an unusual amount), is of the order of 
1000 pounds per square inch. The calculated value of 
simple tensile stress resulting from a pressure of 100 
pounds per square inch is of the order of 4000 pounds per 
square inch. 


A tabulation of the results obtained is given in 
Table I. 
TABLE [ 


SUMMARY OF RESULTS 
Probable error of 


Average —— 
breaking Individual 
load Mean* valuest 
Duration No. (Ib sq.in. (lb/sq.in. (lb/sq. in 
of test broken pressure ) pressure) pressure) 
“B” Clear 
5 sec. 20 107 {er 16.7 
1 min. 20 89 
15 min. 21 76 2.4 Be 
3 hr. 12 74 3.2 10.0 
“B”’ Frosted 
5 sec. 20 116 pee 9.7 
1 min. 20 97 2.8 its 
15 min. 1S 85 2.6 10.3 
3 hr. 10 81 2.3 11.0 
“A” Frosted 
5 sec. 7 124 3.0 8.0 
10 sec. 6 103 Lo 3.0 
min. 10 80 Poy. 
5 min. 10 81 11-5 
30 min. 11 78 3.8 12.4 
3 hr. 5 40 3.9 8.8 


* From the equation, % = 0.07454] = 


t From the equation, 7, = 0.67454 
n— 


Where v = variation of individual values from arithmetical 
mean. 


A comparison of the strengths at different load- 
ing intervals is given by the curves of Figs. 3 and 
4. 

In all cases a definite decline in strength as the 


interval is increased is apparent. The rate of de- 
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Fic. 3.—Effect of duration of loading on strength of 
electric-lamp bulbs. 
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Fic. 4.—-Effect of duration of loading on strength of 


electric lamp bulbs. 


cline here is much less than that observed for 
laths and is comparable with that found for bot- 
tles.” 

There is a decrease in the rate of decline of 
strength for the longer periods, the strength ap- 
pearing to approach a definite minimum value. 
In other words, it appears that there is a moderate 
stress which the glass will endure forever. This 
is in accord with the views of Littleton and others, 
but is contrary to the tentative view expressed by 
Preston earlier.” 

There appears to be a marked difference in the 
rate of decrease of strength of the bulbs from ‘‘B”’ 
and those from “‘A,”’ the latter bulbs having a 
higher initial strength but falling off more rapidly, 
so that at a moderate time, e.g., one minute, the 
strength is less than that of the ““B’’ bulbs. Ona 
long-time test the strengths are about the same. 
It is possible that this difference is caused by 
differences in composition, or it may be a matter of 
annealing. In the polariscope, the ‘A’ bulbs 
show slightly more disannealing. 

It also appears that the commercially frosted 
bulbs are superior in strength to the clear ones. 
(Tests were also made on clear ‘“‘A’’ bulbs, but 
the results showed such discrepancies as to lead 
to the conclusion that the samples tested were not 
strictly comparable.) The superiority of the 
frosted bulbs persisted for all durations of test. 


(1) Comments 

No simple law has been found to connect 
strength with duration of test. Grenet’s results® 
in cross-bending tests plot to a straight line if the 
average breaking stress is plotted against the 
logarithm of the duration of test. Our tests on 
bottles? also plot to a straight line in most in- 
stances. Our results, however, for laths and 
these for bulbs show definite positive curvature 


’Grenet, Bull. soc. encour. ind. nat. |Ser. 5], 4, 838 
(1899); partial English version, Glass Ind., 15 [11] 277-80 
(1934); Jour. Amer. Ceram. Soc., 18 [7] 221 (1935). 
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when plotted in that manner. There is little 
theoretical ground for expecting such a law to 
hold. If the relation is to be a logarithmic (ex- 
ponential) function, it would seem more logical 
for it to be one in which the straight line comes 
from plotting the logarithm of stress against the 
duration of test. The shape of the curve is more 
nearly that of a translated rectangular hyperbola, 
approaching asymptotically the axes, time equals 
zero (t = O), and the finite minimum stress value 
(f = fr»), which was mentioned. 


V. Location and Nature of the Fracture 

The most common failure shows a small area 
(presumably the point of origin of the fracture) 
about '/s to '/, inch long, in a plane containing the 
axis of the bulb, and located, not in the spherical 
portion, but in the portion which joins it to the 
more or less cylindrical neck. From this point 
cracks branch out, including an angle of about 90 
degrees. It is usual for fans of cracks to spread 
both into the neck and into the spherical portion; 
however, when the origin is well up on the neck, 
it is not uncommon for the fan into the neck to be 
missing, a single crack then running through its 
entire length. 


The degree of subdivision of the fan of cracks is, 
in general, greater the higher the pressure at 
which rupture occurs. Splinters were measured 
which were as small as a two-degree segment of 
the spherical surface. The angle at which a new 
crack branches away from its parent is, h¢ 
rarely less than 15 degrees. 


yever, 


VI. Conclusions 

As has been explained, these results are not to 
be regarded as complete. Sweeping generaliza- 
tions based on such limited data must be avoided. 

It appears to be established that if a piece of 
ware will stand up under a certain load for a few 
hours, it will endure nearly as great a load for 
weeks, or possibly forever. In practice, it would 
be impossible to test all ware for hours. In that 
case the duration of the test that zs made must be 
known with precision, and allowance must be 
made for the known fact that the ware will not 
stand indefinitely a stress as high as the experi- 
mental value obtained in short tests. 
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MODULUS OF RUPTURE AND THERMAL-SHOCK RESISTANCE AT ELEVATED 
TEMPERATURES* 


By J. S. GREGorIvS 


1. Modulus of Rupture 

The modulus of rupture of flat strips was 
observed at room temperature, 200°F, and at 
intervals of 100°F up to and including 1000°F. 

The apparatus used was a breaking machine of 
a cantilever type. The specimen support was a 
cast-iron beam on the top face of which were 
mounted two !/,-inch round steel rods on S-inch 
centers. The force application was accomplished 
by a cantilever beam, the fulcrum of which was 
located external to the heating furnace and at 
such a position that the ratio of power arm to 
weight arm was 2:1. The force was applied by 
falling “‘shot’’ so controlled that the flow of shot 
was arrested instantaneously with rupture. The 
furnace employed was of the electrical-resistance 
type.'!. The strips of glass used were annealed so 


* Received December 31, 1935. 
1 Manufactured and sold by the Hoskins Mfg. Co. 


as to possess a residual stress equivalent to 20 
to 30 my birefringence per inch of glass path. 

The modulus of rupture was observed on five 
specimens at each interval of temperature. The 
average of such observations was recorded and, 
by using the room temperature modulus as a 
base of 100, the relative strength values at various 
temperatures were expressed. 

Glasses of two types, to be designated as glass 
No. 1 and glass No. 2, were investigated. Their 
analyses follow. 


Glass No. 1 Glass No. 2 
SiO, 71.54 
Na2O 12.90 13.50 
CaO 10.60 12.85 
MgO 2.73 0.16 
NaoSO, 0.74 .99 
NaCl .08 .14 
64 82 


The rupturing modulus and strength values of 
the two glasses follow. 
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Giass No. 1 
(Specimen 1!/2 by 10 by 0.10 inch) 


Modulus of rupture 


Temp. (°F) (Ib./sq. in.) Strength value 

80 10,666 100 
200 11,042 103 
300 10,950 103 
400 9,594 90 
500 9,784 92 
600 8,490 80 
700 12,904 121 
800 13,000 122 
900 14,781 138 
1000* 14,100 132 


* Specimens deformed under load. 


Grass No. 2 


(Specimens 1!/. by 10 by 0.125 inch) 


SOT 9458 100 
600 7560 80 
700 7014 74 
800 7260 
900 8354 88 


7 The interval from 80 to 600°F was omitted due to 
the limited number of specimens. 


The annealing range of glass No. 2 was 25 to 
35°F higher than that of No. 1. 

The conclusions permissible from these obser- 
vations are as follows: (1) the modulus of 
rupture decreases with rise of temperature; (2) 
the modulus of rupture decreases with rise of 
temperature until such temperature is reached 
where modulus appears to increase. It is quite 
probable that this phenomenon is associated with 
flowage and that the modulus would continue to 
decrease if the load could be applied in zero time; 
(3) the apparent minimum moduli of glasses No. | 
and No. 2 were at the approximate temperature of 
and 700°F, respectively. 


Il. Thermal-Shock Resistance 

For the thermal-shock test, specimens 2 by 2 
by 0.288 inch were ground on the edges, slightly 
beveled, and then annealed so that the residual 
stress was 20 to 30 mu birefringence per inch of 
glass path. In producing the thermal shock, the 
specimen was placed in a wire basket attached toa 
wire handle of suitable stiffness and, in the high 
temperature observations, heated in an electric fur- 
nace toa prechosen temperature. Upon attaining 
practical equilibrium of temperature, the specimen 
was quickly removed from the furnace and plunged 
into a cooling bath maintained at a prechosen 
temperature. The cooling-bath temperature was 
kept constant and the furnace temperature was 
increased in increments of 5°F until rupturing 


occurred. If the same differential caused ruptur- 
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ing of a second specimen, the value was accepted 
as indicating the thermal endurance at that bath 
temperature. 

The most acceptable conception in visualizing 
the mechanics of breakage resulting from a thermal 
shock is as follows: The chill or thermal drop re- 
quired to rupture a glass specimen is an expression 
indicating the resistance to thermal shock of the 
specimen at the temperature of the chilling 
medium. Conceive a plate of annealed glass, 
such as the specimens were, at a uniform tem- 
perature. Because it was previously annealed, 
the specimen in its heated condition is free of 
stress. Upon plunging it in a cooling medium, 
this freedom of stress is replaced by a development 
of stress which arises from the effort of the shell 
to contract upon chilling. This action throws the 
shell into tension and the core into compression. 
Glass being predominately stronger in compres- 
sion than in tension, the failure of the specimen 
occurs in tension and the shell ruptures. Hence, 
it is clear that when rupturing occurs in the chilled 
shell the thermal drop necessary to cause rupture 
is an expression involving the tensile strength, 
coefficients of expansion and elasticity, and dif- 
fusivity of the glass at the temperature of the 
chilling medium. 

Winkelmann and Schott give the following 
formula for the coefficient of thermal endurance: 

tensile strength conductivity 
coeff. of expan. X elas. specific heat X density 


Where K = thermal endurance. 


thermal conductivity 

The term, V 
specific heat X density 

diffusivity. 

The diffusivities of the several materials used in 

these observations follow. 


, is the square root of 


Paraffin 0.00098 
Water .OO14 
Glass 0057 

70% Sn (0.356 


30% Pb | 


lll. Limitations of Water as a Chilling Medium 

It was thought that if a specimen were heated 
to a temperature above the boiling point of the 
liquid used as the chilling medium, the heat of 
vaporization would absorb heat from the speci- 
men with a corresponding decrease in apparent 
The comparison of 


resistance to thermal shock. 
temperature-drop tolerance in specimens chilled 
from 200°F 
interpretation. 


and 300°F in water confirms this 
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Glass Temp. of Temp. difference 
temp. water bath to cause rupture 
(°F) (°F) (°F) 
300 195 105 
200 50 150 


Other factors playing important rdéles are the 
wetting ability and the convection movements of 
the chilling medium. Water probably possesses 
these two properties in an admirable degree, but 
the heat of vaporization precludes its use when 
the thermal shock at elevated temperatures is 
investigated. For this reason paraffin and a 
molten alloy of tin and lead (70% Sn, 30% Pb, 
melting point 365°F) were employed. 

In this investigation, to obtain thermal-shock 
values below a quenching temperature of 400°F, 
paraffin was used as the quenching medium. The 
range of the two quenching mediums overlapped; 
hence, it was considered permissible to extrapolate 
the values of the tin-lead group to 200°F by the 
relation of the overlapping values. These obser- 
vations follow. 

Grass No. 1* 


Glass Temp. of Rupturing 
temp. chilling batch differential 
(°F) (°F) 
1215 1000 No rupture 
1200 900 
905 800 105 

630 500 130 


* A limited number of specimens prevented investigation 
below 500°F. 
Grass No. 2 
Thermal resis- 


Temp. of tance (using 

Glass chilling Rupturing value at 200° 
temp. bath differential chilling bath 
(°2) (°F) (°F) as 100) 
1215 1000 No rupture 

1010 900 110 oD 

910 800 110 55 

820 700 120 59 

745 600 145 72 

665 500 165 82 

575 400 175 87 

4877 300 187 93 

4027 200 202 100 


+ Extrapolated values based on paraffin. 
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IV. Conclusions 

(1) The resistance to thermal shock decreases 
with increase of specimen temperature until the 
lower limits of the annealing range is reached. 
When the temperature of the chilling medium is 
in this range, the resistance to thermal shock 
apparently rises toward infinity. The annealing 
range of glass No. 1 is lower than that of glass No. 
2. Inthe case of glass No. 1, this zone was reached 
at 900°F. In the case of glass No. 2, this zone was 
not reached until 1000°F was attained. The 
temperature steps are much too rough for a 
precise determination of the zone mentioned. 

(2) Glass ruptures upon chilling when the 
chilling stress exceeds the thermal resistance of 
the glass. From the conception of the mechanics 
involved, the tensile strength of the glass is 
probably the most influential factor with coeffi- 
cient of expansion next in influencing resistance 
to thermal shock. 

(3) Glass, in chilling, always ruptures in the 
outer layers of the specimens. 

The following studies are suggested for further 
investigation: 


(1) Locating with more precision the tempera- 
ture of chilling medium where the thermal resis- 
tance appears to rise to infinity. 

(2) Determination of the modulus of rupture 
and thermal-shock resistance at sub-room tem- 
peratures. 

(3) Development of a method of determining 
tensile strength in which uncontrollable variables 
are at a minimum. 


RESEARCH LABORATORIES 
PITTSBURGH PLATE GLASS COMPANY 
CREIGHTON, PENNSYLVANIA 


29 
BRS. 
~ 
Ags 


EFFECT OF THE RATE OF LOADING ON THE BREAKING STRENGTH OF GLASS* 


By L. V. BLack 


I. Introduction 

It has been known for some time that no definite, 
concrete figure can be given for the breaking 
strength of glass. This property is affected by 
many variables which ordinarily are not con- 
sidered in measuring the strength of other 
materials such as steel and concrete. Among 
these are (1) the condition of the surface, such as 
scratches, poor finish, stain, etc., (2) unknown 
physical characteristics of the glass itself which 
cause a wide variation of the breaking strength 
of individual samples cut from the same plate, and 
(3) the rate at which the load is applied to the 
glass. 

The effect of the rate of loading is the subject of 
the following study. 


ll. Test Specimens 
Eighty samples of plate glass, 2 in. by 10 in. and 
approximately 7/5; in. thick, were used.' These 
samples were cut from a single plate that was 
cast July 2, 1935. All samples were carefully 
examined and found to be of excellent quality 
and free from any surface defects. Each specimen 
was measured carefully to 0.001 in. in thickness 
and 0.01 in. in width. Ten samples were used 
for each test and the average modulus of rupture 
value of the lot was taken to minimize the effect 

of the second variable mentioned. 


Ill. Method of Test 

The glass was broken by supporting on two 
parallel */s-in. diameter cold-rolled steel rods 
exactly 8inchesapart. A third steel rod, attached 
to a lever, pressed on the opposite side of the glass 
parallel to and exactly midway between the sup- 
ports. The force was applied to the lever by 
means of water running into a pail, through a 
valve, and from a constant level source. The 
stream of water was directed against the side of 
the pail so that its force was not transmitted to 
the glass. The rate of flow of the water was 
carefully adjusted before each test and the valve 
was left set in that position for the duration of 
that test. A second quick-acting valve in the 
line turned the water supply on and off. 


* Received January 27, 1935. 
1 From the Creighton plant of the Pittsburgh Plate 
Glass Co. 


After each specimen was broken, the water in 
the pail was carefully weighed. The time the 
water was flowing was also measured with a stop- 
watch for each specimen, and this time was 
checked against the desired rate of flow of the 
water. The modulus of rupture of each sample 
was calculated from the formula, 

3PL 
The rate of loading for each succeeding test 
was increased by a factor of three and varied from 
a minimum of 35 pounds in 2480 seconds to a 
maximum of 35 pounds in ten seconds. 

Table I shows the results. 


TABLE I 
Minimum 
Rate of Modulus 
loading Thick- of 
Test 35 Ib. ness Time rupture 
No. (sec. ) (in.) (sec. ) Pounds (\lb./in.*) 
1). 5.2 19 8360 
2 30 117 13.9 16.25 7160 
3 90 li 38.2 14.9 6570 
4 270 90.0 5250 
5 810 120 348.0 14.6 6140 
6 24380 118 780.0 11 4750 
Average 
2 30 115 ae 20.6 9042 
3 90 117 45.0 17.5 7701 
4 270 117 120.0 15.9 7044 
> 810 360.0 6913 
6 2430 114 960.0 14.0 6494 
Maximum 
O.115 10.2 35.5 16100 
30 116 20.9 30.25 138600 
3 90 aay 49.9 19.4 8550 
4 270 125 180.0 23.0 8900 
5 810 113 406 .0 8330 
6 2480 115 1260.0 18.0 8250 


The remaining two sets of 10 samples each were 
placed on supports 8 inches apart and a load of 7 
pounds suspended from the center of each speci- 
men of the first set and 10 pounds suspended 
from each specimen of the second set. The 
10-pound load was less than the breaking load of 
any of the samples of the above tests and was 
approximately one-half the average breaking load 


of the 30-second test. These tests were left for 20 


days and checked at least every 24 hours for the 
number of samples broken. 


~ 
| 
| 
| 
As 
| 
hol 
274 


| 
| 
| 


Effect of Loading on Breaking Strength of Glass 275 


IV. Results of Tests 


In the 10-pound test, one sample broke at the 
end of one hour, a second broke in |'/. hours, 4 
were broken at the end of + hours, 2 at the end of 
17 hours, and 1 at the end of 40 hours. The 
tenth sample of this test was not broken at the 
end of 20 days and, when broken at the end of that 
time by loading with 35 pounds in 30 seconds, a 
modulus of rupture of 9050 pounds per square inch 
was observed. In the case of the ten samples 
loaded with 7 pounds, one broke in seven days 
and the others were not broken in 20 days. Their 
average modulus of rupture when they broke at 
the end of that time by loading with 35 pounds 
in 30 seconds was S244 pounds per square inch. 

None of the unbroken samples in these tests 
had’ taken a permanent set. 


Sustained Loading Tests 
10-lb. load ('/2 av. breaking load when applied at rate of 35 lb. in 


30 sec.) 
1 broke in 1 hr. 
] 
4 
‘40 


1 not broken in 20 days 
Modulus of rupture of unbroken sample 9050 


7-lb. load 
1 broke in 7 days 
9 not broken in 20 days 
Modulus of rupture of unbroken samples 
Minimum 6650 Ilb./in.? Average $244 Ib. /in.* 
Maximum 12,910 Ib. /in.* 


V. Conclusions 

(1) Because of the wide variations of the above 
values it seems highly desirable that authorities 
interested should formulate specifications of 
standard rates of loading for measuring the 
strength of glass. If the span and width of the 
test samples were standard, the rate of loading 
should probably vary as the square of the thick- 
ness of the glass, so that the time of rupture would 
take place for all thicknesses in approximately 
the same time. 

(2) The modulus of rupture of ordinary glass 
varies from a maximum of about 16,000 pounds 
per square inch when the load is applied in a 
short period of time to a minimum of about 3000 
pounds per square inch when the load is sustained 
for a long period of time. Other tests have shown 
that glass whose surface is scratched, sandblasted, 
or stained may have a modulus of rupture lower 
than this minimum value. It is recommended, 
therefore, that in calculating the strength of 
glass a low modulus of rupture value be used and, 
in addition, a large factor of safety be allowed. 

(3) Glass that has been loaded for a long period 
of time is immediately restored to very nearly 
its original strength as soon as the load has been 
removed. 


RESEARCH LABORATORY 
PITTSBURGH PLATE GLASS COMPANY 
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ACTIVITIES OF THE SOCIETY 


ENAMEL DIVISION REPORT OF COMMITTEE ON STANDARDIZATION OF TESTS* 


(A) DEVELOPMENTS DURING 1935 AFFECTING STANDARDIZED TESTING 
IN THE ENAMEL INDUSTRY 


By D. G. BENNETT 


ABSTRACT 


Wider uses of and refinements in porcelain enamel bring up new testing angles. 


Pre- 


cision instruments, often developed for use in other fields, are finding their way with 


but slight modification into the enamel industry. 


The application of modern test meth- 


ods to enamel troubles hitherto unsolved is frequently indicated. 


|. Introduction 

The Committee on Standardization of Tests, which is a 
standing committee of the Enamel Division, should be a 
repository of information on tests that are, or may be 
made, available. Another service that might be rendered 
is collecting and presenting evidence of the need for tests. 

In the pursuit of these objectives a survey of the material 
published in 1935 and the early part of 1936 has been made. 
At first thought, the section of time investigated might 
seem ‘‘too thin” to be significant, but experience is cumu- 
lative and so it is with tests. As it was, only a portion of 
the available literature could be investigated owing to 
its extent and to the limited time available. 


Il. Enameling lron 

Aydelott and Pfeiffer! sag-tested 9-inch strips of iron 
spanned between supports and heated for 10 minutes at 
1600°F. Iron suppliers studied this test and produced 
an iron that sagged a few tenths of an inch as opposed to 
the former sag of several inches. 

A test of this kind should be important to all enamel 
shops. With various enameling irons rated on their ability 
to resist warping, the enameler should be in a position 
to specify performance that might not be otherwise offered. 

Rosenberg? suggests that copperheading may be due to 
excessive oxidation of the steel and that studies of the 
vast amount of data on composition of iron versus its 
rusting should aid in solving the copperheading problem. 

Any test derived from the above considerations, by 
means of which the performance of the steel could be 
predicted, should be valuable. 


* Presented at the Annual Meeting, American Ceramic 
Society, Columbus, Ohio, April 1, 1936 (Enamel Divi- 
sion). Received April 3, 1936. 

1E. C. Aydelott and W. H. Pfeiffer, ‘‘Enamel Shop 


Control,’’ Better Enameling, 6 [3] 12-17 (1935); Ceram. 
Abs., 14 [6] 133 (1935). 
2J. E. Rosenberg, ‘“‘Relationship between Copper- 


heading and Fishscaling,’’ Ceram. Ind., 25 [4] 206-208, 
228 (1935); Ceram. Abs., 15 [1] 11 (1936). 
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lll. Screen Fineness Tests 

The residue on 200-mesh, fineness test has not been found 
to be altogether satisfactory in the ordinary two cover- 
coat enameling process. Pfeiffer and Aydelott! use an 
old screen for the first wash to save the standard screen 
somewhat from too frequent plugging. Beasley,* in stres- 
sing fineness control, notes that screen tests are not 
accurate owing to the presence of foreign material in the 
meshes. Spencer-Strong‘ attaches great importance to 
screen tests but notes that the screens fail frequently 
and he points out the needless expense of additional 
grinding that may be wrongly indicated. 

In one cover-coat work, Bryant® advocates fine grinding 
to promote opacity. Matthes® uses almost double-milling 
time for one-coat enamels. Holscher’ says that fine-milled 
slips show 12.0 to 0.2% on 325-mesh. Thus one cover- 
coat work tends to put the screen test to a greater strain. 

Suggestions for other methods come from Fabianic,* 
who discusses screening, water and air elutriation, and 
microscopic count. Schwartzwalder and Herold® describe 
the Wagner turbidimeter which consists of a source of 
light of constant intensity which passes through a liquid 


3H. C. Beasley, ‘“‘Temperature and Fineness Control 
of Ground Coats for Sheet Steel,’’ Abs. in Ceram. Age, 
25 [3] 97 (1935). 

“G. H. Spencer-Strong, ‘‘The Importance of Screen 
Care in Enamel Fineness Control,’’ Amer. Enameler, 8 
[8] 3-4, 12 (1935); Ceram. Abs., 15 [5] 145 (1936). 

5G. L. Bryant, ‘“‘Single Cover-Coat Demands Changes 
and Control in Enameling Processes,’’ Ceram. Ind., 24 [6] 
354 (1935); Ceram. Abs., 14 [8] 183 (1935). 

6 A. L. Matthes, ‘‘Factors in One Cover-Coat Enamel,” 
Ceram. Ind., 24 [5] 276 (1935); Ceram. Abs., 14 [7] 157 
(1935). 

7F. R. Porter and H. H. Holscher, ‘‘Use of Finely 
Milled Enamel Slips,’’ Jour. Amer. Ceram. Soc., 18 [2] 
39-42 (1935). 

8 W. L. Fabianic, ‘‘Microscopic Control of Particle 
Size Refractory Manufacture,” tbid., 18 [1] 23-25 
(1935). 

® K. Schwartzwalder and P. G. Herold, ‘‘The Effect of the 
Solid-Liquid Ratio on Grinding a Ceramic Nonplastic,”’ 
thid., 18 [11] 350-52 (1935). 
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suspension of nonplastic material to a photoelectric cell 
where the current generated is measured by a micro- 
ammeter. 


IV. Thickness Tests 


The use of one cover-coat enamels has accentuated the 
problem of weight, or thickness control, while it is present 
as usual in other types of enameling. 

Matthes,* who stresses close control of spray weight, 
states it will vary from 20 to 30% if not watched. Porter 
and Bryant!® found that variations of a few grams per 
square foot in coat weight would cause color-matching 
difficulties. Cooke!! has used routine weighing before 
and after enameling. Aydelott and Pfeiffer! use color 
matching tests to detect overweight enamel so that it can 
be withdrawn from further processing. 

Holscher!? suggests that off-color enamel is not always 
due to extra thickness and that the electric thickness 
gage can be used advantageously to check thickness either 
in the dry or fired conditions and on flat or beaded surfaces. 
A description of the electric thickness gage! presents it 
favorably as a precision instrument of practical utility. 


V. Furnace Conditions 
furnace-heat 
From it, the best ware arrange- 


Information on distribution is desirable 
but not always available. 
ment and chain speed (in continuous furnaces) can be 
It can be made the basis for proper burner 


It has been found 


determined 
arrangement or adjusted heat input. 
that in some cases a reduction in ware preheat time has 
resulted in relief from copperheading. 

Aydelott and Pfeiffer! have used ‘‘sag strips,’ 
them concurrently through a continuous furnace, at the 


sending 


top and bottom of a firing tool and then, if necessary, ad- 
justing the heat so that subsequent strips sag equally. 

Irwin '4 checked furnace firing conditions by sending 
100 feet of thermocouple around with the ware. By this 
means, position-temperature curves for both furnace and 
ware were obtained. By a modification of this method, 
box-type furnaces can be investigated for hot and cold 
spots. 

The importance of investigating furnace atmospheres 
must be recognized. Canfield,'® in discussing copperheads, 
says that few data have been obtained on the composition 
of gases evolved from the enamel which might accumulate 
in the furnace and influence oxidation. Correlated with 
this, in an article from another source,!* the build-up of 
objectionable gases in electric furnaces is recognized, as 


10K, R. Porter and G. L. Bryant, ‘‘One Cover-Coat 
Enamel Finishes,’’ Bull. Amer. Ceram. Soc., 14 [11] 867- 
69 (1935). 

NR. D. Cooke, ‘Laboratory Control in Dry-Process 
Enameling,”’ zbid., 14 [11] 373-74 (19385). 

‘2H. H Holscher, ‘‘Use of the Thickness Gage in Por- 
celain Enameling,’’ Better Enameling, 6 [10] 16-17, 30 
(1935); Ceram. Abs., 15 [2] 57 (1936). 

13 News Item, ‘‘Electric Gage for Enamel Thickness,” 
Enameltst, 13 [2] 12 (1935). 

J. T. Irwin, ‘‘Checking Furnace Firing Conditions,” 
Enamelist, 12 [4] 18-19, 46 (1935); Ceram. Abs., 14 
[4] 87 (1935). 

18 J. J. Canfield, ‘‘ ‘Copperheads’ or Iron-Oxide Defects 
in Porcelain Enamel,” Better Enameling, 6 [6] 19-20, 25 
(1935); Ceram. Abs., 14 [8] 182 (1935). 

'§ Editorial, ‘Furnace Atmosphere,”’ Better Enameling, 
6 [9] 13-14 (1935); Ceram. Abs., 15 [2] 56 (1933). 
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are also those resulting from combustion in fuel-fired 
furnaces. Generous venting is suggested in lieu of adequate 
tests. 

On the other hand, the American Gas Association! 
determines CO in the products of combustion according 
to a method developed by the Bureau of Standards, 
whereby CO is oxidized by iodine pentoxide at a tem- 
perature of about 300°! 

Ebright, McIntyre, and Irwin!’ have described a method 


for identifying and measuring the gases present in a furnace 
by means of phosphorous pentoxide, ascarite, and CaCl, 
in conjunction with the regular Orsat apparatus. The 
advantages to be gained by use of this method seem to be 
definite, for by its use individual furnaces were found to 
be ‘‘temperamental”’ in that each had its definite conditions 
under which best results were secured. 


VI. Copperheading and Reboiling 

These defects are considered under one heading because 
data on certain phenomena of viscosity, flow, and surface 
tension probably apply to both. 

Canfield,'!® in discussing copperheading recommends 
greater solvent capacity for iron oxide and lower flow 
temperatures as desirable enamel properties. He shows 
a curve of softening point plotted against Fe,O; content for 
an enamel. It is possible that from the curves of a series 
of enamels plotted on this basis, a relationship could be 
worked out that would serve to evaluate the copperhead- 
ing resistance of a ground coat. It is also possible that the 
dip and subsequent rise in softening points would be re- 
flected in the reboiling tendencies of the enamels. 

Barrett and Taylor!’ have presented methods for evalu- 
ating the flow characteristics of glasses. It seems that the 
ability to heal over a blister is involved here. Parmelee?° 
took surface-tension measurements by the ‘‘maximum- 
bubble-pressure’’ method. Undoubtedly the effect of sur- 
face tension merits careful consideration. The Bureau 
of Standards?! is determining the viscosity of enamels at 
firing temperatures. Ground coats are found to be truly 
viscous. Cover coats are not. 

Rosenberg? suggests that a study of the data on iron 
composition versus its rusting should help solve the 
copperheading problem. 


Vil. Adherence 


In considering tests for adherence, some speculation 
as to what causes adherence can scarcely be avoided. 
Kinzie and Miller?? have reported a method for testing 


17H. E. Martin, ‘Big Laboratory Does Marvels in Gas 
Industry,’ Enamelist, 12 [10] 12-13, 53, 59-60 (1935). 

18H. E. Ebright, G. H. McIntyre, and J. T. Irwin, 
“A Study of Furnace Atmospheres and Temperature 
Gradients and Their Effect on Porcelain Enameling,”’ 
Jour. Amer. Ceram. Soc., 18 [10] 297-3802 (1935). 

19K. P. Barrett and J. A. Taylor, ‘‘A New Method for 
Studying Flow Characteristics of Glasses and Slags at 
Elevated Temperatures,” zbid., 19 [2] 39-44 (1936). 

20 News Item, ‘Insulation of Furnaces and Use of Cullet 
Discussed at Illinois Glass Conference,’’ Ceramic Ind., 25 
[1] 36, 44 (1935). 

21 News Item, ‘‘Consistency of Enamels at 
Temperature,” tbid., 25 [6] 346 (1935). 

22.C. J. Kinzie and J. B. Miller, ‘A Method for Testing 
Adherence of Ground Coats to Metal,”’ Bull. Amer. Ceram. 
Soc., 14 [11] 371-73 (1935). 
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the adherence of ground coats to metal. The apparatus is 
essentially an Arbor press equipped to press a steel ball 
into an enameled sheet a definite distance. 

Clark,’ investigating with X-rays, says that evidences 
of a skin of glass in which a truly crystalline condition is 
approached have been obtained frequently in his labora- 
tory. ‘‘Evidently at an interface between molten glass 
and a mold or core surface there is a favorable condition 
for more perfect molecular arrangement. ”’ Work 
such as this, when tied in with a consideration of crystal 
forms, atomic radii, and interatomic forces of the sub- 
stances contained in a ground-coat glass and in the iron 
in contact with it, furnishes material for some interesting 
fundamental theorizing. 

Barrett and Taylor!’ have developed a technique for 
the determination of the temperature at which the solid- 
liquid interfacial tension becomes low enough to permit 
wetting of a solid by a glass or slag. Measurements of the 
changing contact angle between solid and fusing glass 
billet are made as the temperature rises. 


Vill. Chipping 


The phenomenon of enamel chipping may be considered, 
in any case, as a function either of the enamel per se or the 
manner in which it is used. An effective approach to re- 
lief from chipping must consider both. 

Kinzie and Commons** correlate enamel expansion 
curves with chipping tendencies. Their method may 
constitute test procedure if properly verified as to results. 

Holscher?® shows that losses by chipping in parts with 
enamel above 0.021 inch in thickness are six times those 
with enamel below this thickness. He advocates!? the 
use of the G. E. thickness gage as a means of control. 

Holscher** has also found that on ware with a radius of 
curvature of less than °%/s, inch chipping is acute. His 
results suggest that standard test specimens with a critical 
radius of curvature might well be used to evalute the rela- 
tive chipping tendencies of any series of enamels. 


IX. Acid Resistance 


It has been noted *’ that in recent years the problem of 
acid resistance has become less pressing. Advancing 
technique has undoubtedly made possible more resistant 
enamels with less sacrifice of working properties. Never- 
theless, the problem of acid-resistant enamels is one 
frequently referred to the Standardization of Tests Com- 
mittee during the past two years. 


3G. L. Clark, ‘““X-Ray Is Answering the Question 
‘What is Glass’,’”’? Ceram. Ind., 24 [1] 34-388 (1935); 
Ceram. Abs., 14 [3] 68 (1935). 

24C. J. Kinzie and C. H. Commons, Jr., ‘‘A Discussion 
Relating to Thermal Expansion Methods from Theoretical 
and Practical Standpoints,’’ Jour. Amer. Ceram. Soc., 18 
[10] 306-308 (1935). 

22H. H. Holscher, ‘Relation between Chipping and 
Thickness of Porcelain Enamel Coatings,’’ Ceram. Ind., 
24 [6] 348-49 (1935); Ceram. Abs., 14 [8] 183 (1935). 

26H. H. Holscher, ‘‘Minimum Radius of Curvature for 
Enameled Parts,’’ Bull. Amer. Ceram. Soc., 14 [11] 369-71 
(1935). 

27 EK. P. Poste, ‘‘What 1934 Has Contributed to the 
Vitreous Enamel Industry,’’ Ceram. Ind., 24 [4] 230-34, 
242-44 (19385); Ceram. Abs., 14 [6] 134 (1935); [7] 
157 (1935). 
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Probably because of several outbreaks of food poisoning 
in recent years, current English articles have paid par- 
ticular attention to acid resistance. It is suggested that 
specifications for resistance be determined within the 
industry. 

Donovan’ states that in several brands of New Zealand 
enamelware, dangerous amounts of Sb were dissolved 
from the enamel by acid foods. Burns,?* who considers 
that Sb.O; and Sb.O; are soluble in citric acid and that 
Sb.O, is not, cites tests and advocates the total prohibition 
of Sb in enamelware. McLachlan and Matthews*® de- 
scribed an outbreak of Sb poisoning in England from 
lemonade in enameled vessels. This article seems to be 
based almost wholly on the findings in an English bulletin*! 
which describes the outbreaks, gives tests, and suggests 
that the question of Sb in hollow ware be disposed of in one 
of several ways. This bulletin considers pentavalent 
antimony as being the insoluble form. Coste and Garratt*? 
give tests for cooking vessels for use in public institutions 
under the London City Council. In this case boron and 
fluorine are also considered as being toxic. King*® has 
shown that there may be a correlation between the electro- 
dialysis results and corrosion resistance of a glass. Turner** 
advocates tests on glass grains rather than glass surfaces 
for corrosion resistance. 

An interesting period to the above summary is put by 
Stuckert,*® who says that enamel linings highly resistant 
to acids have been completely successful only with cast 
iron and that sheet-iron linings are only relatively resistant. 
There may be some difference of opinion as to the location 
of the two types of enamel within the limits suggested by 
Dr. Stuckert. 


X. Abrasion 


The highest possible resistance to abrasion will always be 
sought for enamel surfaces. Horak and Sharp** approach 
the problem in a fundamental way, holding that in general 


28'W. Donovan, ‘“‘Antimony in Enamelware,’”’ Analyst, 
60 [707] 103 (1935); Ceram. Abs., 14 [7] 157 (1935). 

H. Burns, “Antimony Compounds Extracted 
from Enamelware by Citric-Acid Solutions,’’ Analyst, 60 
[709] 220-22 (1935); Ceram. Abs., 14 [9] 210 (1935). 

3° T. McLachlan and D. M. Matthews, ‘Poisonous 
Metals in Foodstuffs,’ Food Manufacture, 10 [9] 325-27 
(1935); Ceram. Abs., 15 [2] 55 (1936). 

31G. W. Monier-Williams, ‘‘Antimony in Enameled 
Hollow Ware,”’ English Ministry of Health Bull., No. 73 
(1934); Ceram. Abs., 14 [1] 3 (1935); [2] 32 (1935). 

82 J. H. Coste and D. C. Garratt, ‘‘Acid-Resistance 
Specification for Enameled Hollow Ware,’’ Analyst, 60 
[709] 215-19 (1935); Ceram. Abs., 14 [9] 210 (1935). 

33 R. M. King, ‘‘Mechanics of Enamel Suspension: 
II, Electrodialysis of Some Enamels and Glasses,”’ Jour. 
Amer. Ceram. Soc., 18 [8] 230-33 (1935). 

W. E.S. Turner, ‘““The Chemical Durability of Glass,”’ 
Bull. Amer. Ceram. Soc., 14 [5] 165-69 (1935). 

86 L. Stuckert, ‘‘Acid-Resisting Enamels,’’ Chem. Mar- 
kets, 33 [3] 238-39 (1933); date incorrectly given as 
1935 in Ceram. Abs., 14 [11] 269-70 (1935). 

Since this review was written, a check-up shows that 
Dr. Stuckert’s article was published in 1933 and not in 
1935 as shown in the Ceram. Abs. reference. The para- 


graph above was allowed to stand, however, as a mile-post 
along the highway of progress. 

86 W. Horak and D. E. Sharp, ‘‘Note on Influence of 
Zirconia on Elasticity of Some Soda-Lime Glasses,” 
Jour. Amer. Ceram. Soc., 18 [9] 282-84 (1935). 
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any lowering of the modulus of elasticity will result in a 
tougher glass that is less likely to be marred or scratched 
by rough handling. 

Spencer-Strong*’ has presented a sand-abrasion machine 
in which sand passing through a funnel is caught by a fan 
and thrown against the enamel plate. The machine is 
said to be adjustable over a wide range from a mild abrasive 
to a destructive test. The same principle is employed in 
the wheelabrator-sandblasting machine. 

In another type of test,?° a diamond point is pulled over 
the glass surface under controlled conditions. This test 
was found to be selective enough to differentiate between 
changes in glass finishing and certain changes in com- 
position. 


XI. Enamel Strength 

Mechanical strength in enamel is an important property, 
and it has been studied during the year. Corning Glass 
Works’ finds differences, due to composition, in mechani- 
cal strength of as much as 1 to 2 between the strongest 
and weakest glasses. In their special low-expansion 
(Pyrex-brand) field a range of 20% is found. Horak and 
Sharp** determined various moduli of enamel glasses by 
load and flexure methods. Gregorius** noted that a fiber 
of glass has more tensile strength than a rod of the same 
material and he has asked whether or not the skin structure 
of glass differs from the structure under the surface. 

Clark?’ furnishes one answer to this when he states that 
glass approaches the condition of certain substances where 
the surface has been found to be built up from crystal 
grains with a high degree of preferred orientation, while 
in the interior the grains are disposed entirely at random. 
Thus it would seem that strength tests, in order to be 
comparable, should be performed on specimens with some 
form of standardized cross-section and of controlled ther- 
mal history. 


Reflectance and Color 


The properties of reflectance and color have justly re- 
ceived current attention. The progress of the Tests 
Committee of the Porcelain Enamel Institute is common 
knowledge. 

It is estimated by the Better Vision Institute‘? that 
85% of man’s impressions are received through the eyes 
and that the energy consumed varies with the ease of 
visibility. Abundant, well-diffused light has the effect 
of magnifying objects and making moving objects appear 
to move more slowly. These are important considerations 
in construction involving the surroundings of production 
lines. Various colors from white to black grade down in 
reflectance from 85 to 2%. 

Matthes® states that a color matcher is essential in 

37 G. H. Spencer-Strong, ‘Some Experiments in the 
Development of a Sand-Abrasion Machine,’ Jour. Amer. 
Ceram. Soc., 19 [4] 112-15 (1936). 

38 News Item, ‘‘Pyrex Enters Field of Pots and Pans 
with Top-of-Stove Ware,’’ Ceram. Ind., 26 [2] 99-100 
(1986); Ceram. Abs., 15 [5] 148 (1936). 

89 J. S. Gregorious, ‘‘Mechanical Strength of Glass and 
Its Resistance to Thermal Shock,” Bull. Amer. Ceram. 
Soc., 14 [8] 272-73 (1935). 

40 News Item, ‘“‘Increased Light 
Paint,’’ Ceram. Ind., 25 [6] 352 (1935). 
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controlling minimum and maximum weight and thus the 
enamel color. Aydelott and Pfeiffer! grade parts for color 
by comparing them to standard panels under a special 
light. Rogers‘! describes the Westinghouse photoelectric- 
color matcher; it is particularly good for matching whites, 
the most difficult color problem. Differences hardly 
discernible to the eye are readily shown by the color 
matcher. 

The new G. E. color analyzer has also been described. ‘?:4% 
It is essentially a monochromator, photoelectric photom- 
eter and means for recording their respective indications. 
In less than three minutes after the start of a test, the 
operator removes a chart showing exactly how much 
of each wave-length of light is reflected or transmitted by 
the sample. 


XIill. 


The use of enamel in building construction promises to 
be wide-spread. Such broadening of use brings with it 
new problems. Desirable properties must be established 
by proper test methods. 

Typical of architects who have declared themselves, 
Lescher** sees extended use of enamel in the building field 
and he envisions enamels on frameless steel-wall units. 
In the use*® of porcelain enamel for large-scale and diversi- 
fied construction, some of the properties that must pass 
careful tests include (1) methods of paneling and attach- 
ment, (2) allowance for expansion and contraction, (3) 
elimination of sweating, and (4) provision for heat, cold, 
and sound insulation. To these should be added corrosion 
resistance. For enamels to be exposed to the elements, 
the keen desire to produce light-absorbing mat shades 
and pleasing pastel shades should not be allowed to over- 
shadow adequate weathering properties. 

These are all fundamental. principles that must be 
perfected if enamel is to be accepted, as hoped for. Insofar 
as is compatible with ‘rugged individualism,” the various 
companies involved would do well do make common cause 
of many of their problems. 

As an accelerated weathering test, Ammon‘® describes 
a cylindrical container inside of which light, heat, cold, 
and water spray are applied, in cycles, for long periods 
of time. Paints fail badly but vitreous enamels do not. 
It is possible that with some stiffening action, such as 
dust (abrasive) and solutions of selected pu values, various 
enamels could be compared. The same reasoning applies 
to the use of a “‘complex machine’’!”? developed by the 
Bureau of Standards in coéperation with the A.G.A. 
laboratories to check corrosion of finishes. 


Building Construction and Weathering Tests 


1 A. W. Rogers, ‘‘Matching Ceramic Colors with the 
Electric Eye,’’ zbid., 24 [3] 170-172 (1935). 

‘2 News Item, ‘‘New Color Analyzer Records on Chart,” 
tbid., 26 [1] 51 (1936). 

48 cg Item, ‘‘New Products,’ Ceram. Age, 27 [1] 267 
(1936). 

44 F. M. Lescher, ‘‘An Architect Looks at Glass and 
Enamel,” Ceram. Ind., 25 [4] 189 (1935). 

4° News Article, ‘‘Demonstrate Functionalism of Enamel 
in Architecture,”’ zbid., 25 [6] 8329-82 (1935). 

4M. G. Ammon, ‘‘Accelerated Weathering Tests on 
Porcelain Enamel,”’ Enameltst, 12 [9] 8-10 (1935); Ceram. 
Abs., 14 [9] 209 (1935). 
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XIV. The X-Ray 


It is probable that the ultimate value of the X-ray as a 
research tool is not yet clearly understood, but progress 
with it has been so rapid and so striking that recent 
developments must not be overlooked. 

According to Clark,’ the X-ray is answering the question 
as to ‘‘what is glass.”” Molecular arrangements that are 
not entirely random are found, especially at the skin or 
surface. Warren and Loring*’? found no evidence of 
compounds in soda-lime glass but they noted that the pri- 
mary factor in determining the stability of a silicate is the 
tetrahedral surrounding of each silicon by four oxygens. 

In air hygiene, the X-ray is finding use** in the investiga- 
tion of employees’ health at the beginning of employment 
and periodically thereafter. In the growing list of 
states** 5° where dust hazard legislation is being passed, 
insurance rates are mounting, but these are susceptible to 
revision downward in cases where the hazard 
Here, the potential value of the X-ray 


is shown 
to be nonexistent. 
should not be overlooked. 


XV. Air Hygiene 


The question of contamination of plant air is one that 
must undoubtedly come up for immediate attention. 
Many states are falling in line with occupational disease 
legislation. It is not altogether a question of plant con- 
ditions, for in many cases the most modern dust-pre- 
ventive measures may already have been taken. The 
reduction of discriminatory insurance rates must also be 
considered. This may be done (1) by furnishing proof that 
hazardous conditions do not exist, (2) by subjecting pros- 
pective employees to test, or (3) testing all employees 
periodically. 

Dust-hazard laws‘? went into effect in New York State 
on September 1, 1935. Enameled-ironware manufacturing 
is subjected to one of the highest insurance rates. Rates 


7B. E. Warren and A. D. Loring, ‘“X-Ray Diffraction 
Study of the Structure of Soda-Silica Glass,’ Jour. Amer. 
Ceram. Soc., 18 [9] 269-76 (1935). 

48 News Article, ‘‘Licking the Dust Problem,”’ 
Ind., 25 [5] 263-66 (1935). 

49 News Item, ‘“‘Workmen’s Compensation Insurance 
Rates for Occupational Dust Hazard Disease Classifica- 
tions in New York,” Ceram. A ge, 26 [3] 102 (1935). 
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may be lowered on proof that the hazard is nonexistent. 
North Carolina®! has included occupational diseases as well 
as accidents under occupational disabilities. Insurance 
rates have leaped®® in California as a result of silicosis 
laws followed by a broad statute of limitations ruling. 

One new pottery plant* has ‘‘licked the dust problem”’ 
by careful provision for dust elimination. Periodic X-ray 
examinations of employees, furthermore, are made, filed, 
and indexed. Plant morale has been raised, and a higher 
type of operative attracted tothe plant. Taken altogether, 
a better attitude has been created toward a hazard that 
while existent has been greatly magnified, particularly in 
the last year. 

One of the first objectives of the recently organized Air 
Hygiene Foundation,®** which is working in co6dperation 
with Mellon Institute of Industrial Research with H. B. 
Meller as managing director, will be to furnish accurate 
scientific information to lawmakers who are preparing 
to enact safety measures. 

This Foundation also may advise industrial plants as to 
the best preventive measures and advance tests calculated 
to show the degree of hazard existing. 


XVI. Conclusion 


The problems considered in this report have not been 
discussed in any fancied order of importance. The topics 
have been arranged to follow, in a general way, the enamel 
processing cycle and subsequent evaluation, depending on 
the use for which it is intended. 

The field covered is broad. Some features could not 
properly be considered as being within the province of any 
tests committee as now constituted. It is believed, how- 
ever, that most of them should receive some degree of 


consideration. 


MELLON INSTITUTE 
PITTSBURGH, PENNSYLVANIA 


5° News Item, ‘‘Silicosis Causes Leap in California Rates 
on Workmen's Compensation Insurance,’’ Ceram. Ind., 25 
(6] 326 (1935). 

51 News Item, ‘‘Trade and Financial Notes,’”’ Ceram. 
Age, 26 [6] 236 (1935). 

52 News Item, ‘‘Air Hygiene Foundation Working on 
Bull. Amer. 
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(B) THE NEED FOR STANDARD TESTS FOR ENAMELS FROM THE 
VIEWPOINT OF THE USER OF ENAMELS 


By W. H. 


PFEIFFER 


ABSTRACT 


The present status of testing methods for enamels and enameling and the need for 


standard methods are discussed. 


they need standardization in order to be universally useful. 


In some cases satisfactory methods are available, but 


In other cases new test 


methods are necessary to provide for the proper study and development of enamels. 


|. Introduction 


In considering the adoption of standard tests there are 
two viewpoints that may be taken. One is that a test 
should be as nearly perfect as present knowledge can make 
it before it is adopted tentatively, with the expectation that 
general use and further knowledge will bring out its weak- 
nesses which can be corrected before it is adopted as a 
standard. The other is that any test that has been de- 
veloped or is being used which appears to be satisfactory 
should be adopted in the rough as a tentative standard, 
with the expectation that it will be criticized severely by 
those who try to use it and that modifications and improve- 
ments will naturally result until it is satisfactory. 

The standardization of enamel tests has not progressed 
by being attacked from the first viewpoint and it is time 
to try it from the second viewpoint to see if something can 
be done. In the attempt to have perfection at the start, 
the test that was adopted as standard for the fineness of 
wet-milled enamel has practically no value to the industry. 
No one can criticize the precision and correctness of taking 
a sample for screen test that contains 100 grams of frit, but 
the industry finds it unnecessary and refuses to accept it. 
A test that is not used is worthless. On the other hand, 
acid-resisting enamels have come into wide use and thou- 
sands of tests are being made each year. Shall we wait 
until the perfect test is produced before we consent to try 
one tentatively, and meanwhile let chaos reign and have as 
many tests as there are testers? Certainly the manufac- 
turers of enamel frit and enamelware know by this time 
what is required of their products and have found tests 
which indicate to them necessary standards. There is no 
quicker way to arrive at satisfactory standard tests than to 
adopt any reasonable test as tentative, suffer the criticism, 
and make adjustments as rapidly as possible. 

It is in the light of the second viewpoint that the 
following discussion of the need for standard tests is 


written. 


ll. Abrasion Resistance 

Lack of a suitable method for determining the abrasion 
or scratch resistance of enamels has been a hindrance to the 
enameling industry in several ways. It has retarded the 
development of lower firing cover coats as it has generally 
been found that abrasion resistance and refractoriness go 
hand in hand. It has caused considerable concern in the 
application of enamels to new uses owing to the uncer- 
tainty of meeting new conditions. There has been no 
recognized improvement in the abrasion resistance of 
enamels since there has been no means of study. Further- 
more it is not known how the variations possible in the 
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enameling process affect the abrasion resistance of the 
enamels now in use. 

One difficulty in the development of a suitable method, 
for sheet-iron enamels at least, is that the entire resistance 
to abrasion is contained in the surface glaze on account of 
the different character of the underlying portion. For this 
reason it would appear that test means which attempt to 
distinguish the degree of failure after a standard treatment 
would be unsuitable and that a test means of varying 
severity is necessary so that the point at which failure first 
occurs may be determined. 

The National Bureau of Standards! has undertaken the 
development of a standard test as part of its immediate 
or early program and it is to be hoped that it will find a 
satisfactory solution. 


Ill. Acid Resistance 

Gautsch? has given a comprehensive treatise of tests for 
acid resistance up to the year 1932 and has made the es- 
sential observation that ‘‘. . . it is evident that one set of 
specifications for testing all types of vitreous enamelware 
is inadequate. The uses to which various ware are to be 
subjected governs the nature of the test.” 

Since 1932 the use of acid-resisting enamels has become 
general in all branches of the enameling industry and 
practically all enamelers have used some sort of test. Dur- 
ing this period each manufacturer has fairly well deter- 
mined the degree of acid resistance necessary for his prod- 
uct and a test which indicates when this degree has been 
attained. With this background it should be possible to 
set up workable classifications for acid resistance that are 
necessary for the industry and rather simple, practical 
tests for measurement. 

The National Bureau of Standards! has undertaken to 
develop methods of testing enamels for acid resistance. 
The confusion and doubt that have existed in the absence of 
standard tests should encourage everyone to support this 


work. 


IV. Chipping 


Although considerable attention has been given to 
chipping tests by many investigators, nothing so far de- 
veloped seems to be very satisfactory. Probably the rea- 
son is that the chipping characteristics of an enamel depend 
upon several of its physical properties and the require- 


1E. C. Crittenden, ‘‘Advisory Committee on Enamels 
Suggests New Research at National Bureau of Standards,”’ 
Bull. Amer. Ceram. Soc., 14 [1] 47 (1935). 

2 Murray C. Gautsch, ‘‘Acid Resistance of Enamelware,”’ 
ibid., 11 [5] 134-38 (1982). 
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ments vary considerably with the use to which an enamel 
is put. A uniformly satisfactory test would be invaluable 
to the industry but seems as improbable of attainment as 
the use of a single test to judge the quality of steel, whether 
for use in bridges, office buildings, or railroad rails. 

Enamels are governed by the laws of mechanics the same 
as other materials and they should be given the same con- 
sideration. Chipping may result from any of the types 
of stress described by the laws of mechanics, notably com- 
pression, tension, shear, fatigue (?), impact, etc. These 
stresses are either residual in the enameled piece as it comes 
from the furnace, owing to differential expansion, or are 
imposed later by assembly to other pieces and by exter- 
nally applied forces from handling or accident. Resis- 
tance to chipping is determined by the physical properties 
of the enamel. The residual stresses are governed by 
thermal expansion and elasticity. The imposed stresses 
are resisted by elasticity, strengths and, in the case of heat 
shock, thermal expansion. 

Considering the variety of forces that can act to cause 
failure and the number of physical properties involved, it is 
little wonder that attempts to devise tests that reproduce 
or simulate have not been very fruitful. High chipping 
resistance can be obtained only by the specification of 
enamel of the proper physical properties for the job to be 
done. There is no short cut. 


V. Color 

In making and selecting new white enamels and opaci- 
fiers and colored enamels and color oxides, there are no 
satisfactory means available for color analysis of the prod- 
uct. The development of more opaque white enamels, the 
renewed interest in tin-oxide substitutes, and the new in- 
terest in architectural enamels increases the need for ac- 
curate color measurement and selection. 


VI. Consistency of Enamel Slips 

There is nothing more troublesome in enamel processing 
than the behavior of milled enamel and nothing more im- 
possible to predict than what a new enamel slip will do 
when put into use. That this is true is attested to by the 
many studies that have been made and reported,’ par- 
ticularly concerning ground-coat enamel. 

At the present time the adaption of an enamel to a par- 
ticular application to secure the best results and the main- 
tenance of the enamel at its best condition depend upon 
the experience and skill of the enameler. He can aim only 
at the best conditions since he has no means of measuring 
them and can compensate only for seasonal changes as 
trouble arises. To overcome this condition, a test method 
is needed to evaluate the consistency of enamel when it is 
working properly in a given operation so that this consis- 
tency may be readily maintained by the proper adjust- 
ments for changing conditions and so that the behavior of 
new enamels may be predicted and speedily adjusted. 

Harrison‘ has pointed out the fundamental properties of 


3 J. T. Irwin, ‘Consistency Testing Methods,’’ Enamel- 
tst, 11 [12] 10 (1934); Ceram. Abs., 14 [1] 4 (1935). 
4 (a) W. N. Harrison, ‘Controlling the Consistency of 
Enamel Slips,’’ Bur. Stand. Tech. Paper, 22 [856] 91 (1927). 
(b) W.N. Harrison, ‘‘Vitreous Enamel Slips and Their 
Control,’’ Jour. Amer. Ceram. Soc., 10 [12] 970 (1927). 


milled enamels and a means for measuring them, but this 
method by its nature is limited to research laboratories. 
Irwin’ has discussed the other methods which have been 
used and pointed out their advantages and disadvantages. 
Perhaps one of these methods would be satisfactory or 
serve as a Starting point. 


VII. Crazing or Cracking 

Cracking of the fired enamel, during or after cooling and 
from residual or imposed stresses, is a tensile or shear failure 
of the enamel and falls into the discussion offered under 
the heading of ‘‘Chipping’’ (section IV). It was believed 
for some time that the cross-bend test was a measure of the 
resistance to cracking, but this test has been questioned as 
confusing two properties indiscriminately. (See ‘‘Cross- 
Bend,”’ section VIII.) 


Vill. Cross-Bend 


Interest in the cross-bend test seems to have fallen by 
the wayside in the time since it was recommended for 
adoption.® Gautsch® has shown that the results of the 
cross-bend measurements depend primarily on the thermal 
expansion of the enamel and questions whether it reveals 
anything of the resistance of the enamel to cracking. It 
would seem necessary to make thermal expansion, tensile 
strength, and cross-bend tests on a series of enamels of 
varying properties in order to evaluate the test, after which 
it should be recognized in its true light or discontinued. 


IX. Density of Milled Enamel 


It is customary to measure the density (often errone- 
ously called specific gravity) of milled enamel as an indica- 
tion of its water content. The Enamel Division Standards 
Committees of 1927-287 and 19298 discussed the specifica- 
tion of the sample bottle, scales, weights and counterbal- 
ances, etc., which were to be used, but all this detail seems 
to be unnecessary. Common practice has been to weigh 
an ordinary glass graduated cylinder that has been filled to 
the 50- or 100-cc. mark and subtract the weight of the cylin- 
der. If greater accuracy is required, the size and shape of 
the sample bottle could be specified but this does not ap- 
pear to be necessary. 


X. Enameling Iron Sag Resistance 

Although enamelers have never seemed to concern them- 
selves much with tests of the sheet metal which they use, 
there is one characteristic which can readily be tested and 
which should interest all enamelers, namely, sag resistance. 

Butts® was the first to point out the inherent sag resis- 
tance of enameling iron sheets and a method for testing. 
In principle, when a section of enameling iron sheet is sup- 

5 “Report of Enamel Division Standards Comm., 1930,”’ 
Bull. Amer. Ceram. Soc., 9 [9] 269 (1930). 

6 Murray C. Gautsch, “Relation of Coefficient of Expan- 
sion to Cross-Bending Strength of Sheet-Steel Enamels,”’ 
Jour. Amer. Ceram. Soc., 15 [1] 8-12 (1932). 

7 “Report of Enamel Division Standards Comm., 1927— 
28,’’ Bull. Amer. Ceram. Soc., 11 [12] 347 (1928). 

8 “Report of Enamel Division Standards Comm., 1929,’’ 
thid., 12 [9] 273 (1929). 

®C. H. Butts, “Checking Sag-Resisting Properties of 
Enameling Iron,’’ Better Enameling, 3 [6] 21 (1932); Ce- 
ram. Abs., 11 [12] 607 (1932). 
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ported at two points and heated, it will sag downa distance 
depending upon its inherent characteristics as well as the 
conditions to which it is subjected. The importance of 
this to the problem of warping should be obvious but is 
discussed by Aydelott and Pfeiffer.'° 

Although the apparatus described by Butts may not be 
the most suitable, the principle involved is fundamental. 
Since it is comparatively easy to set standard conditions 
for this test, it should be done before a number of investiga- 
tors turn up with an equal number of test conditions. 


XI. Fineness of Wet-Milled Enamel 


A standard method for testing the fineness of wet- 
milled enamel was adopted in 1930° but it is so impractical 
that it has been refused by the entire industry except for 
a few research laboratories. In the interest of precision, 
the size of sample was specified to be such as to contain 
100 grams of frit but this precision is unnecessary to sam- 
pling and causes unnecessary difficulties. 

Spencer-Strong!! has indicated that the important con- 
sideration is to maintain uniform conditions of testing once 
the proper limits for a given plant have been established. 
It is true that each plant must work out its own milling 
fineness and the information gained in one plant is of little 
value to another except in a general way. It is also true 
that for each class of enamels most plants use approxt- 
mately the same mill additions, the density of the frits is 
about the same, and the variations that occur from these 
causes are minor to the differences required by shop prac- 
tice. To gain acceptance in the industry, the standard 
test should be revised or a second one adopted to provide 
for a suitable specified volume sample to conform to what 
the industry is going to do anyway. 

The report on the standard method recognized by foot- 
note that new screens may vary in accuracy and change 
through wear and corrosion. Aydelott and Pfeiffer!® and 
Spencer-Strong!! have noted additional variation due to 
plugging of the screen openings by frit particles and have 
recommended periodic calibration of the screens in service 
against a standard screen. The original accuracy of the 
test screens is of little importance as long as they are cali- 
brated against a standard. Provision should be made in 
the standard method for this consideration as it is of the 
utmost importance and far outshadows the variations in- 
cluded in sampling due to variations in mill additions. 


Fired Enamel Thickness 


Rusher!? has described an electric gage for measuring 
the thickness of fired enamel which can be used on any flat 
surface regardless of size without destroying the enameled 
piece. An alternative method is the use of the microme- 
ter caliper in its limited scope. 

The constant introduction of larger and more difficult 
shapes to be enameled calls for a more critical examination 


10K. C. Aydelott and W. H. Pfeiffer, ‘‘Enamel Shop 
Control,” Better Enameling, 6 [3] 12 (1935); Ceram. Abs., 
14 [6] 133 (1935). 

H. Spencer-Strong, ‘Importance of Screen Care 
in Enamel Fineness Control,’’ Amer. Enameler, 8 [8] 3 
(1935); Ceram. Abs., 15 [5] 145 (1986) 

A. Rusher, ‘“‘Enamel Thickness Gauge,”’ 
Amer. Ceram. Soc., 14 [11] 365 (1935). 
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of the processing and the finished product. The control 
of enamel application by the average weight per unit area 
was, and still is, satisfactory for small pieces of simple de- 
sign, but the larger and more complicated pieces demand 
a method that can be used to examine the essential areas 
individually for the control of enamel application and for 
the rejection of those pieces whose enamel thickness makes 


them unsafe. 


XIll. Furnace Atmosphere 

It has been proved beyond contradiction that a proper 
furnace atmosphere is necessary to the successful firing of 
porcelain enamels, and apparently satisfactory methods 
have been developed to measure this highly necessary con- 
dition. 

Investigators!*:!4 have shown the effect of firing enamels 
in the presence of various gases. In short, the presence 
of oxygen or iron oxide is necessary to the development of 
adherence to the metal; sulfur gases cause a scumming of 
the enamel surface; water-vapor causes copperheading, 
blistering, ground-coat boiling, and pitting; carbon mon- 
oxide and dioxide in excess cause blistering; and partially 
burned hydrocarbons cause blistering and copperheading. 
The importance of this list of defects is obvious to enamel- 
ers. Although the furnace atmosphere is not the only 
cause for these defects, the part which the furnace atmos- 
phere plays in everyday industrial processing will not be 
known until reliable methods of analysis are available and 
used. 

The investigators!’ have indicated the 
analysis and control used in their experimental work, but 
particularly to be noted is the work of Ebright, McIntyre, 
and Irwin,!! who developed a method of analysis for the 
ordinary variations encountered and applied it to use on 
producing commercial ware. This 


methods of 


industrial furnaces 
method employs a train of gas-absorption tubes for the de- 
termination of moisture and acid gases and a standard 
Orsat gas-analyzing apparatus for carben monoxide, car- 
bon dioxide, and oxygen. No provision is made for fluo- 
rine, sulfur gases, hydrogen, or stray gases such as chlorine. 
In considering a standard method for furnace atmosphere 
analysis, this method will bear critical examination as a 
starting point. 


XIV. Gloss 
Little or no work has been reported on the measurement 


13 (a) R. D. Cooke, ‘‘Effect of Furnace Atmosphere on 
Firing of Enamel,’’ Jour. Amer. Ceram. Soc., 7 [4] 277 
(1924). 

(b) E. E. Geisinger and K. Berlinghof, ‘Effect of 
Gases upon Glass Enamels,” 1b1d., 13 [2] 126 
(1930). 

(c) A. I. Andrews and E. A. Hertzell, ‘Progress Re- 
port on the Effect of Furnace Gases on the Quality of 
Enamels,”’ zb7d., 13 [8] 522 (1930). 

(d) H. E. Ebright and G. H. McIntyre, ‘‘Effects of 
Water-Vapor on Porcelain Enamel During  Firing,’’ 
Enamelitst, 10 [6] 11 (1933); Ceram. Abs., 12 [8] 293 (1933). 

(e) Wesley G. Martin, ‘‘Enameled Defects Prevented 
by Firing in Inert Gas Atmosphere,’’ Ceram. Ind., 25 [1] 
20 (1935); Ceram. Abs., 14 [9] 210 (1935). 

14H. E. Ebright, G. H. McIntyre, and J. T. Irwin, 
“Study of Furnace Atmospheres and Temperature Gra- 
dients and Their Effect on Porcelain Enameling,’’ Jour. 
Amer. Ceram. Soc., 18 [10] 297-302 (1935). 
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of the gloss of enamels. High gloss has been considered 
an almost exclusive attribute of porcelain enamel in the 
nonmetallic finish field in the past, but the advances in 
other finishes have eliminated this advantage. Conse- 
quently enamelers are compelled to give more attention to 
the consideration of gloss. It is commonly known from 
observation that under high gloss orange peel shows up 
more distinctly and that under low gloss color differences 
are more clearly defined to the eye. This observation 
focuses attention on the growing interest in architectural 
enamels which employ both low and high gloss surfaces in 
combination with a variety of colors. These considera- 
tions certainly justify an interest ina means of measuring 
this important property so that it may be evaluated and 
controlled and the proper standards set. Fortunately 
the National Bureau of Standards! has undertaken this 
work. 


XV. Ground-Coat Adherence to Metal 


For many years the sharp bending of an enameled piece 
or the free swing of a hammer on to it so that the nature of 
the fracture could be noted were the tests used to determine 
the quality of the adherence of the ground coat to the 
metal. Even today a long-handled ball peen hammer can 
be used to advantage. Ebright, Clawson, and Irwin! 
have shown an improvement on the hammer method by 
driving an approximately semispherical depression in the 
enameled metal by means of impact on a die. Kinzie and 
Miller!® accomplish the same thing by means of a die in an 
arbor press but employing a slow and uniform pressure. 
Neither of these methods is quantitative, yet they are both 
valuable in that they set up standard reproducible condi- 
tions that permit a uniform grading not possible with the 
ball peen hammer method. Since it appears that many 
tests for adherence will be made before a quantitative test 
is developed, one of the above methods or a modification 
should be considered for adoption tentatively to stimulate 
interest and study. 


XVI. Physical Properties 


The National Bureau of Standards! has undertaken the 
study of the important physical properties of enamels and 
already this work throws some light on a perplexing prob- 
lem. Those who have concerned themselves with the use 
of highly opaque cover coats!’ are aware that trouble from 
blistering, pinholing, and sagging has generally increased 
with an increase in opacity. In a progress report,!8 the 
Bureau states, ‘results so far obtained indicate that sheet- 
iron ground-coat frits, containing little if any suspended 
matter, are viscous.... Cover-coat frits, containing sus- 
pended matter to produce opacity, apparently are not 
viscous but are non-Newtonian fluids, as might be ex- 


1H. E. Ebright, C. D. Clawson, and J. T. Irwin, 
“Some Sheet-Iron Ground-Coat Reboil and Bond Studies 
Using Several Enameling Stocks,’’ Jour. Amer. Ceram. Soc., 
16 [7] 305 (1938). 

16 C. J. Kinzie and J. B. Miller, ‘“Method for Testing 
Adherence of Ground Coats to Metal,’’ Bull. Amer. Ceram. 
Soc., 14 [11] 371-73 (1935). 

7 F. R. Porter and G. L. Bryant, ‘One Cover-Coat 
Enamel Finishes,”’ tbid., 14 [11] 367-69 (1935). 

18 Anon., ‘‘Consistency of Enamels at Firing Tempera- 
tures,’’ Nat. Bur. Stand. Tech. News Bull., No. 223, p. 116 
(Nov., 1935). 
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pected.’’ While this early report does not show us the way 
out of our difficulties, it indicates something of the nature 
of our problem. 

The importance of a knowledge of the strengths, elas- 
ticity, and thermal expansion of enamels has already been 
discussed under the headings of ‘‘Chipping’’ (section IV) 
and ‘“‘Crazing or Cracking”’ (section VII). The importance 
of a knowledge of the viscosity (or plasticity) and surface 
tension of enamels at and around the firing temperature 
to the minimizing of blistering, pinholing, sagging, and 
hairlining is obvious. 

It is comparatively easy to point out the importance of 
standard methods for measuring the physical properties of 
enamels, but these tests are admittedly the most difficult 
of development of all with which we have to deal. It is 
time, however, that their importance be generally recog- 
nized so that they may be given constructive thought and 
the ground work laid for their reception. We are for- 
tunate that the Bureau has undertaken the task of the pre- 
liminary work. 


XVII. Reflectance 


The National Bureau of Standards! is engaged in de- 
veloping a standard test method for measuring the reflec- 
tance of enamels. It would seem unnecessary to concern 
ourselves with this problem but rather to offer our full co- 
operation and support to the Bureau, inasmuch as it is 
generally recognized that a standard test method is indis- 
pensable to the comparison of enamels. 


XVIII. Softening Point and Fusion 


The importance of the measurement of the fusion prop- 
erties and the softening point of enamels is obvious from 
the number of tests that have been devised and the wide 
use to which they have been put. 

Sweo!® has pointed out the requirements of tests for 
fusion properties and Harrison and Sweo*® have compared 
the five principal methods of determining fusion properties 
and softening points. These authors have summed up the 
situation quite thoroughly and their reports indicate that 
the various tests can be divided into two classes. 

In one class are the tests which measure the softening 
temperature or softening point. This represents a single, 
definite property of enamel which is useful, as is the meas- 
urement of any property of a material in evaluating the 
characteristics of the enamel. 

In the other class are the tests which measure the “‘fu- 
sion-flow”’ properties, with or without an estimate of the 
softening point. This means that the enamel is made to 
soften and flow and the characteristics are judged by the 
amount of flow and the way in which it flows as compared 
to the temperatures used. In other words these tests are 
an estimate of the combined effect of softening point, 
viscosity, and surface tension of the enamel. Their justi- 
fication lies in the fact that the action simulates that of the 


enamel during firing. They can in no way be considered 


1 B. J. Sweo, ‘Fusion Properties,” Bull. Amer. Ceram. 
Soc., 11 [5] 183 (1932). 

20 W. N. Harrison and B. J. Sweo, ‘‘Some Fusion Prop- 
erties of Ground-Coat Enamels as Influenced by Composi- 
tion,’’ Bur. Stand. Jour. Research, 10 [2] 189 (1933). 
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to replace the softening-point tests but must be considered 
separately and as additional information. 

Since the fusion-flow tests indicate a combination of 
properties, the results are difficult to interpret and can 
easily be misleading. The only reliable procedure is to 
measure the viscosity and surface tension as the individual 
quantities that they are, but until these tests are worked 
out the fusion-flow tests may be useful. 


XIX. Tearing 


The present interest of the industry in the production of 
ware with the application of a single cover coat increases 
the importance of the resistance of enamels to tearing. 
Observation has shown that tearing may be of more than 
one type or have more than one cause. For a given milled 
enamel, tearing may result from too heavy application or 
from metal movement before or during firing even with 
very light application. Porter and Holscher?! have re- 
ported the testing of tearing by bending dried enameled 
strips in the Lindemann- Danielson cross-bending machine 
and then firing, but they did not report any study of the 
effect of enamel thickness 

Whether the resistance to tearing is dependent upon 
some single fundamental property of the enamel (‘‘film 
strength” of the dried enamel, for instance) has not been 
proved. Consequently it would seem logical that means 
for testing resistance to tearing must be devised for use 
until such time when a better knowledge of the subject has 
been gained. 


XX. Temperature Gradients in Furnaces 

So little work has been done on the measurement of the 
temperature gradients in the furnaces in use today that it is 
impossible to predict the full importance of the correlation 
of such measurements to the results achieved. It is well 
known that there are characteristic differences in the re- 
sults of the box furnace and the continuous furnace and 
even in two furnaces of the same type. There has been 
little attempt to translate these differences into measure- 
ments. Furthermore there are fundamental differences 
in the requirements of the various types of enamelware be- 
ing produced. Few of these requirements are known in 
terms of rate of heating. They are met by general ex- 
perience and trial and error 

There are two phases of the problem to be considered. 
First is the rate of heating and cooling that depends on the 
furnace design, construction, and inherent characteristics. 
Second is the uniformity of the temperature over a cross- 
section of the firing chamber that depends upon the fur- 
nace regulation and control as well as the design and con- 
struction. Each one has its own importance and can be 
considered separately. 


(1) Rate of Heating and Cooling 

In studying a case of copperheading in a continuous fur- 
nace, Ebright, McIntyre, and Irwin! used a method that 
has been successful in the metallurgical field as applied to 


the annealing of heavy forgings in continuous furnaces. 
The method is to weld a long thermocouple to a piece of 


21, R. Porter and H. H. Holscher, ‘Use of Finely 
Milled Enamel Slips,’’ Jour. Amer. Ceram. Soc., 18 {2| 39- 
42 (1935). 


ware and pass it through the furnace in the regular man- 
ner, taking temperature readings at regular intervals. 
The venting of the firing zone did not change the analysis 
of the atmosphere but stopped the copperheading. The 
temperature measurements showed the effective change to 
be that of an increased rate of heating of the ware, roughly 
from 55°F per foot of travel to 70°F per foot. 

The importance in the case of copperheading is obvious, 
but what is the importance to tearing, hairlining, gloss, 
ground-coat boiling, etce.? Before conclusions can be 
drawn, many measurements must be made on many fur- 
naces, but they must be made by the same method and un- 
der the same conditions to be comparable. 


(2) Uniformity of Temperature 

The matter of the heat distribution in a furnace has al- 
ways been a matter for concern and it is well recognized 
that the firing cycle is a compromise between the coldest 
spot and the hottest spot in a given furnace. Uniformity 
as influenced by furnace design and construction could be 
studied by the thermocouple method and permanent cor- 
rective changes made, but uniformity depends so vitally 
on furnace loading, regulation, and control that constant 
routine testing is necessary, and obviously a simpler and 
quicker method is needed. Aydelott and Pfeiffer!® have 
reported a method which has been effective on continuous 
furnaces, and there is no reason why its use could not be 
extended to box furnaces. Along with ware in the regular 
firing operation, enameling iron strips are passed through 
the furnace on a suitable fixture so that they willsag. The 
amount of sagging is proportional to the heat treatment 
and thus the effective heating in the various parts of the 
firing chamber is indicated. Certain precautions are nec- 
essary in this method and it would have to be adapted to 
the various firing conditions in use, but it is the only simple 
practical test reported in the literature. 


XXI. Thermal Shock 


Landrum”? and Kinzie? have described methods for 
testing enamels for resistance to thermal shock. Attempts 
have been made to use these tests to predict the resistance 
of enamel to chipping when used on any kind of ware, but 
evidently these attempts were not successful since they do 
not appear to be reported in the literature. Resistance to 
thermal shock is an important characteristic of cooking 
ware and heavy ware that is used in industrial manufactur- 
ing processes. A standard method of testing would seem 
necessary to evaluate enamels properly for these indus- 
tries. 


XXII. Weight of Enamel Application by Dipping 

The Enamel Division Standards Committee 1927-287 
seems to be the last one to consider the dipping-weight 
test. They recognized that an enameling iron test panel 
was not satisfactory as no two pieces are the same and they 
change with use. They also recognized that it was not 
necessary that the weight of enamel picked up by the test 


22, R. D. Landrum, ‘‘Comparison of Ten White Enamels 
for Sheet Steel,’’ Trans. Amer. Ceram Soc., 14, 489 (1912). 

C. J. Kinzie, ‘“Apparatus for Testing Enamels and 
Glazes for Resistance to Crazing under Thermal Shock,” 
Jour. Amer. Ceram. Soc., 15 [2] 112-15 (1932). 
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piece be the same as that picked up by the pickled ware 
being dipped, and they recommended a panel on which 
ground coat had been applied and fired. This kind of test 
panel may or may not be satisfactory but it deserves care- 
ful consideration because some sort of easily reproducible 
test piece is essential. 

This Committee considered a test piece of 2 sq. ft. un- 
favorably and preferred one 12 inches square or 17 inches 
square (289 sq. in.). If several sizes are desirable, it would 
seem preferable not to use fractional square feet but to 
make panels 12 in. x 12 in. and 12. in. x 24 in. optional 
and require that the enamel be drained down the 12-inch 
dimension. This Committee also considered the angle of 
repose for the test piece during draining and seemed to pre- 
fer that it be set at 21° 31’ with the vertical. This would 
be the first step against the general adoption of a standard 
test throughout the industry for it would require special 
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equipment at each dip tank that is not necessary, inasmuch 
as vertical draining as judged by the operator is widely 
used and seems to be entirely satisfactory. 

It should not be difficult to arrive at a standard method 
for this test and there is certainly sufficient justification 
for its standardization considering its wide use. 


XXIll. Conclusion 


It is recognized that this list of tests is incomplete and 
that there are others that are important and deserve atten- 
tion. These were selected because they seemed to be the 
most important or the easiest of fulfillment. Thermal ex- 
pansion was not mentioned because there are satisfactory 
methods in general use by those who need them. 
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(C) DESIRABLE SERVICE TESTS FROM VIEWPOINT OF A COMMERCIAL 
ENAMEL LABORATORY 


By G. H. SPENCER-STRONG 


ABSTRACT 


The desirability of the standardization of simulated service tests now in use in the 
enamel industry and the need for the development of new tests are discussed. Service 
tests in use in allied industries are commented on. 


1. General Discussion 

The development of satisfactory simulated service tests 
is of considerable importance to the enamel industry and 
of especial importance to the commercial enamel labora- 
tories. Inasmuch as enamel frits must be developed with 
ultimate service requirements in view, the commercial 
laboratories, dealing as they must with all types of enamels, 
in the past few years have played a major role in service- 
test development. 

The requirements of a suitable service test call for an 
accurate simulation of service requirements with a maxi- 
mum of speed, simplicity, and economy. In many cases, 
more than one test will be required, because most enamels 
in service represent a compromise in properties. The 
results frequently must be reported in relative terms rather 
than in precise numerical form. 

Because of the nature of porcelain enamel, that is, the 
fact that it is a thin layer of glass containing a large num- 
ber of bubbles adhering to comparatively thin sheet metal, 
enamel service testing gives rise to problems not encoun- 
tered in the testing of such similar products as paints, 
glass, or sheet metal. These factors have made the results 
of the tests uncertain, their statement in mathematical 
form difficult, and have resulted in the development of 
many comparative tests. There is a considerable senti- 
ment in the industry which favors the development of 
more scientific testing with its subsequent precise state- 
ment of results. The general trend, at the present time, is 
undoubtedly toward such tests. Before this goal is reached, 
a great deal of work and standardization of methods will 
be required. It will be necessary for the various commer- 


cial laboratories to work out tentative test methods, which 
should be correlated by some central agency. Some of this 
work is now in progress through the codperation of the 
Committee on Standardization of Tests of the Technical 
Research Section of the Educational Bureau of the Porce- 
lain Enamel Institute, and the National Bureau of 
Standards. 

It must be recognized that the standardization of tests 
which are improperly developed or which are too techni- 
cal may do more harm than good. Many of our present 
tests require expert technical knowledge for their proper 
interpretation. In the hands of persons unskilled in or un- 
sympathetic with the art, the results of their use might re- 
act unfavorably to the industry. For this reason, there 
has been a sentiment against the widespread standardiza- 
tion and publication of tests. The fact remains, however, 
that there isarapidly growing tendency on the part of con- 
sumer’s laboratories to test our product, and if we can not 
give them proper service tests, they will try to develop the 
tests themselves with results which may be disastrous to 
the industry. 

It would appear advisable that the industry codperate 
as much as possible with these laboratories. 


li. Summary of Tests 
Andrews! has discussed approximately fourteen types 
of tests which might be used to obtain information as to the 
serviceability of enamels. Of these types of tests, eight 
are in common use in the commercial laboratories, al- 


1A. I. Andrews, Enamels, pp. 325-72. Twin City 
Printing Co., Urbana, Il., 1935. 
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though many of the others may be taken up from time to 
time as parts of special investigations. The tests are in 
various stages of development; some are practically stand- 
ard, others have reached a state where standardization has 
become desirable from the standpoint of all concerned, 
while still other tests are not satisfactorily developed 
either because of lack of interest or because they depend 
upon so many variable factors that their ultimate develop- 
ment is difficult. 

The present status of the various types of service tests 
as to their state of development, possibilities, desirability, 
and comparison of work done on similar tests in other fields, 
may be best reviewed by considering the various types of 
service tests individually. 


(1) Alkali-Resistance Test 


The test is old and fairly well standardized, consisting of 
placing the ware in a sodium-hydroxide solution at or near 
the boiling point. The time of immersion and strength 
of solution vary between laboratories, ranging from 1 to 5% 
NaOH and from '/; to 24 hours. 


(2) Acid Resistance 


This test is being studied by the Committee on Stand- 
ardization of Tests of the Porcelain Enamel Institute and 
the National Bureau of Standards, with a view to stand- 
ardizing it 

Another type of acid-resistance test, which has not re- 
ceived a great deal of attention in the industry is the ac- 
tual solubility of the enamels themselves in cooking acids. 
The attention of health authorities is now being called to 
these tests. 
use in London County, England, must be so tested by 


For example, all cooking vessels for public 


allowing a 0.5% solution of citric acid to remain in the 
vessel for 24 hours. The solution is then drawn off, evapo- 
rated, the residue ignited, and the dissolved solids deter- 
mined.2,) An American testing laboratory follows a simi- 
lar test, boiling tomatoes for 24 hours in the vessel, drying, 


igniting, and analyzing the ash for poisonous substances. 


(3) Deflection 
This test is generally used as revised in 1980. No fur- 


ther work has been reported since that time 


(4) Impact 

Impact tests are in need of a thorough review and stand- 
Two general types of tests are in use: the 
The results are so 


ardization. 
falling ball®’ and the pendulum type.‘ 
dependent upon other factors, such as metal, metal gage, 
and enamel application,® that results from various labora- 


2J. H. Coste and D. C. Garrett, ‘‘Acid-Resistance 
Specification for Enameled Hollow Ware,’’ Analyst, 60 
[709] 215-19 (1935); Ceram. Abs., 14 [9] 210 (1935). 

3C. J. Kinzie, ‘‘Physical Tests for Vitreous Enamels: 
I, Determining Physical Properties,’’ Jour. Amer. Ceram. 
Soc., 12 [3] 188-92 (1929). 

*R. H. Tiirk, ‘Comparison of Results Obtained with 
Impact Machine,” zb1d., 13 [11] 887-93 (1980). 

> (a) E. H. Shands, H. G. Wolfram, and R. H. Tiirk, 
‘Factors Causing Variation of Results in Tests for Physi- 
cal Properties of Enamels,” zhid., 15 [8] 488-48 (19382). 

(b) G. H. McIntyre, J. T. Irwin, and M. G. Ammon, 
“Reliability of Cross-Bend, Impact, and Reflectivity Data 
from Various Sizes of Test Pieces,’’ thid., 16 [7] 338-41 
(1933). 
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tories are not comparable. Many enamelers have adopted 
tests in which a blow is given or a stain is made, greatly in 
excess of the strength of enamel] and metal, as a rapid test 
for adherence.® 


(5) Abrasion 


Considerable work has been done on abrasion, but the 
results have not been entirely satisfactory because of the 
lack of a suitable method of measurement. Owing to the 
bubble structure, the beauty of an enamel is destroyed 
when the surface layer has been removed. Thus, although 
the protective qualities of the enamel are still as good as 
ever, the lack of gloss and tendency to trap dirt impairs 
the usefulness of the product. Several investigators have 
recommended loss of gloss as a suitable method for meas- 
uring surface abrasion. These investigators have used 
the Ingersoll glarimeter as a measuring instrument.’“") The 
use of this instrument on enamels of differing opacity is 
somewhat questionable, owing to inherent defects in its de- 
sign. Other investigators’ have used a_loss-in-weight 
test, the defect in this method being the fact that the abra- 
sion is usually carried through the surface skin. It is felt 
that a satisfactory method of gloss measurement may go 
a long way toward solving the abrasion problem as there 
are many methods available for abrading the surface,’ if a 
satisfactory method of measurement is available. 

Closely akin to the problem of abrasion is the problem of 
suitable cleaners for porcelain enamels. The commercial 
laboratories are continually being asked to test these 


cleaners and often find so-called cleaners which would 


make excellent mediums for an abrasion test. While the 
testing of these products is not fundamentally an enameling 
problem, the complaints which enamelers may receive as a 
result of their use are enameling problems. 


(6) Hardness 

Closely akin to abrasion resistance is the problem of 
hardness. Interest in hardness testing has increased re- 
cently and most of the laboratories have done considerable 
work on it but no outstanding successes have been re- 
ported. The Moh scratch hardness test, utilizing a set of 
standard minerals, and the weighted point method have 


been chiefly used. The former method is not entirely 


satisfactory, because enamels lie between 4 and 6 on the 


6 C. J. Kinzie and J. B. Miller, ‘‘Method for Testing 
Adherence of Ground Coats to Metal,’’ Bull. Amer. Ceram. 
Soc., 14 [11] 371-73 (1935). 

7(a) Paul Sherrick, ‘‘Use of Ingersoll Glarimeter in 
Testing Resistance of Ceramic Glazes to Abrasion,”’ 
Ceram. Age, 12 [3] 101-103 (1929); Ceram. Abs., 8 [7] 
511 (1929). 

(6) A. C. Harrison, ‘Preliminary Study of Resistance 
to Abrasion of Ceramic Glazes, Its Control and Method 
of Determination,’’ Jour. Amer. Ceram. Soc., 10 [2] 77-89 
(1927). 

(c) G. H. Spencer-Strong, ‘‘Some Experiments in the 
Development of a Sand-Abrasion Machine,”’ zbid., 19 [4] 
112-15 (1936). 

8(a) W. J. Scott, ‘Apparatus for Measuring Abrasive 
Hardness of Glazes,”’ tbid., 7 [5] 342-46 (1924). 

(>) Edward Schramm, ‘‘Sandblast-Abrasion Test for 
Glazes,” tbid., 12 [5] 356-59 (1929); see also footnote 3. 

9H. A. Gardner, Physical and Chemical Examination 
of Paints, Varnishes, Lacquers, and Colors, pp. 222-30. 
Inst. Paint and Varnish Research, 6th ed. 
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Moh scale, and therefore are classified with difficulty. 
The second method gives uncertain and variable results, 
owing to the collapse of bubbles near the surface and to 
surface irregularities. In other industries, much work has 
been done on the hardness problem. 

Navias,'® after investigating the hardness of many ce- 
ramic materials, recommends the expansion of the Moh 
scale to make classification more accurate. 

Ridgway, Ballard, and Bailey,'' after testing electro- 
chemical products by hand-scratching (Moh’s method) 
standard points and plates under constant pressure, dia- 
mond points, the Rockwell hardness test, and impact 
abrasion with a sandblast, also recommend the expansion 
of the Moh scale. 

The standard metal-hardness tests, involving the Brinel 
test, the Rockwell test, or the Shore scleroscope, fail with 
enamels because of their physical structure. 

Eighteen hardness tests in use in the paint and varnish 
industries are described by Gardner,!* but these are based 
chiefly upon variations of the loaded point method. 

The glass industry reports tests involving the use of a 
conically pointed diamond, a cutting diamond, a cutting 
wheel under constant load and with uniform velocity, and 
a hand-drawn cutting wheel. 

An indication of the possibilities in the hardness meas- 
uring field, is a piezo-electrical method, in which the hard- 
ness is calculated from the current induced in a quartz 
crystal placed under the test specimen by the impact of a 
steel ball.!* 

There is a possibility that, if the enamel be fused to the 
exclusion of bubbles, cast in a slab, and suitably annealed, 
many of the hardness tests in use in other industries might 
be applicable. An extension of the Moh hardness table, 
however, should result in a rapid, simple, and economical 
test method of sufficient accuracy for general use in the 
enameling industry. 

(7) Thermal-Resistance 
There has been little work reported on 


resistance tests, although most of the laboratories have de- 
veloped such tests. A heat-shock test described by Lan- 


thermal- 


10 Louis Navias, ‘‘Scratch Hardness Tests of Ceramic 
Materials,’’ Jour. Amer. Ceram. Soc., 12 [2] 69-74 (1929). 

1 R. R. Ridgway, A. H. Ballard, and B. L. Bailey, 
“Hardness Values for Electrochemical Products,’’ Trans. 
Electrochem. Soc. [Preprint No. 63-27], pp. 261-90 (1933); 
Ceram. Abs., 12 [10-11] 386 (1933). 

12H. A. Gardner, loc. cit., pp. 193-211. 

13 A.J. Holland and W. E. S. Turner, ‘Scratch Hard- 
ness of Toughened Plate Glass,”’ Jour. Soc. Glass Tech., 19 
[75] 221-80 (1935); Ceram. Abs., 15 [2] 60 (1936). 

'4 EK. Franke, ‘‘Piezo-Electrical Determination of the 
Hardness of Materials,’ Messtechnik, 10 [12] 211-82 
(1934): Ceram. Abs., 14 [8] 200 (1935). 
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drum! in 1912 is still in rather wide use in the testing of 
Kinzie!® has reported a test, more elaborate, 
test. 


hollow ware. 
and more easily controllable, than the Landrum 
The field, especially in the matter of quenching, presents 
excellent opportunities for investigation. 


(8) Weathering 


The increased use of enamels for exterior work has 
brought up the question of weathering. A great deal of 
work has been done in the paint and varnish industries!’ 
on accelerated weathering tests and, although nine test 
instruments are described, it is admitted that the results 
are not generally comparable with the results of actual 
weathering. These devices make use of a cycle in which 
the specimen is irradiated with intense light, made to pass 
through water sprays, and at times is exposed to low 
temperatures and gas actions. 

Tests by Ammon,!8 using an Atlas Weather-O-Meter, 
indicated no change in enameled specimens after 297 days, 
while organic finishes broke down rapidly. Ammon did 
not report exposing his materials to fumes. 

An experiment on the weathering resistance of enamels 
of all kinds carried on over a period of three years by Karl 
Turk, Sr., at Ruxton, Maryland, indicates a considerable 
difference in the weathering resistance of various sheet-steel 
and cast-iron enamels. Although the protective qualities 
of the enamels were not impaired, their beauty in some 
cases was destroyed. 

The results of these tests indicate that acids from the air, 
rather than ultra-violet or infra-red rays from the sun- 
light, were responsible for the deterioration. 

A recent work!® on smoke prevention indicates that a 
great deal of the damage from smoke in cities is the result 
of acids generated during combustion from sulfur in the 
fuel. The Weather-O-Meter is designed for paints, lac- 
quers, and other organic-type finishes, which are subject 
to deterioration by sunlight, rather than for vitreous prod- 
ucts, as enamels, and it is indicated that it may be neces- 
sary to work out an entirely new test before this problem 
is solved. 
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165 R. D. Landrum, ‘‘Comparison of Ten White Enamels 
for Sheet Steel,’”’ Trans. Amer. Ceram. Soc., 14, 489-509 
(1912). 

16 C, J. Kinzie, ‘‘Apparatus for Testing Enamels and 
Glazes for Resistance to Crazing under Thermal Shock,” 
Jour. Amer. Ceram. Soc., 15 [2] 112-15 (1932). 

17H. A. Gardner, loc. cit., pp. 310-55. 

18M. G. Ammon, ‘“‘Accelerated Weathering Tests on 
Porcelain Enamel,’’ Enamelist, 12 [9] 8-10 (1935); Ceram. 
Abs., 14 [9] 209 (1935). 

Henry Obermeyer, 
New York, 1933. 
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REPORT OF THE FELLOWSHIP COMMITTEE ON EDUCATION* 


Last year (1935) marked the fortieth anniversary of the 
establishment of collegiate training in ceramic technology, 
and undoubtedly the study of ceramic curricula began 
before that. College curricula, in all fields, have been 
subjects for study and debate as long as there have been 
colleges, and there has never been a period of greater 
activity of this kind than the present. While change does 
not necessarily mean improvement, it usually implies 
a healthy dissatisfaction which has resulted in a critical 
study followed by an effort to do in a better way that 
which has been done before. 

The consideration of engineering education as a whole, 
or in part, is necessarily involved with some of the larger 
problems. An example of the magnitude of the problem 
of higher education is the fact that, while the population 
of our country increased 62% between the years 1900 to 
1930, yet attendance at institutions of higher education 
increased over 300%. This enormous increase, together 
with the social, industrial, and economic changes during 
that period, have subjected educational machinery to 
burdens for which it has not been particularly well adapted. 
Readjustments are constantly being made but not always 
as speedily and effectively as desirable. 

Only about a generation ago, a high-school education 
was a privilege enjoyed by relatively few. Now the de- 
mand is being made of the present Congress that it sub- 
sidize the youth of the country for a college education. 
In Great Britain, only one in every 1000 of the population 
attends a university; in France, one in 700; in Germany, 
one in 650; while in the United States, one in 120. 

Speaking in a general way, among the problems con- 
fronting the universities at the present time, there are 
three of great importance: (1) the problem of transition 
from high school to university, (2) the problem of the 
university curricula, and (3) the transition from the uni- 
versity to industry. The first of these does not concern 
the work of this Committee. The second and the third, 
however, I present briefly for your consideration. 

With regard to the curricula, we do not feel that we can 
add anything of importance to what has appeared in the 
publications of the Society or has been discussed in the 
meetings. We wish, however, to direct the attention 
of those not familiar with the activities of the Society for 
the Promotion of Engineering Education and some tech- 
nical societies to the voluminous and valuable studies 
made under their direction. The details of the practical 
application of these principles to specific curricula in 
any school will be governed by such practical considera- 
tion as finances, the teaching personnel, the facilities 
available in coOperating departments, the educational 
policies, and the objectives of the institution. 

The curricula of our older ceramic departments are the 
development of nearly a half century of experience by 
men of competence in their special fields in association 
with men of like experience and ability in related engi- 
neering lines. Therefore, while we admit the existence 
of faults, we do not believe that they are other than 
those common to all branches of engineering education, 


* Presented at the Annual Meeting, American Ceramic 
Society, Columbus, Ohio, March, 1936, 


primarily due to the rapidly changing conditions of our 
national life. As proof of this statement, we would submit 
for consideration the record of this Society as displayed 
in its activities and publications and the contributions to 
ceramic knowledge and achievements of its members who, 
in increasing numbers, are graduates of ceramic schools. 


Approved Engineering Curriculum 

The survey of engineering education carried on by the 
Society previously referred to furnishes a great deal of 
valuable material, which, however, cannot be discussed 
in detail in this report. We shall epitomize briefly some 
of the opinions expressed by 534 experienced teachers 
in 115 institutions, 6269 graduates, and 855 prominent 
members of engineering societies. They believe that a 
satisfactory engineering curriculum should be character- 
ized by (1) moderate diversity of curricula but tending 
away from specialization; (2) dominance of scientific and 
broadly technical content; (3) inclusion of a well-identified 
core of required matter in common; (4) inclusion, at all 
stages, of subjects of purely cultural value; (5) due 
emphasis (though not predominant) on the economic 
aspects of engineering and on its concern with administra- 
tion and management; (6) coherence of arrangement and 
coérdination of related subjects; and (7) thoroughness, 
rather than completeness, of detail. 

It is not surprising that a great many manufacturers 
desire engineering graduates with highly specialized 
training to fit particular needs. Under present conditions, 
however, we rarely can foresee the exact place any student 
will take in industry. Without the knowledge of the 
particular service a man will be expected to render after 
graduation, it will be difficult to give him the proper 
specialized training, and his opportunity for a position 
for which he is specially trained will be largely fortuitous. 

Fortunately, however, while some manufacturers insist 
upon their need for four-year graduates with highly 
specialized training, the majority opinion is opposed to 
such a system of education. Educators and industrial 
leaders alike generally agree that a four-year college 
training should be of the broad fundamental type and 
that the breadth of the students’ education should be still 
further increased by the inclusion of a considerable amount 
of purely cultural work. This is considered essential if 
he is to avoid that narrow outlook upon life which so often 
is associated with highly specialized work. 

E. B. Roberts of the Westinghouse Company, in an 
address before the Society for the Promotion of Engineer- 
ing Education at Atlanta in 1935, stated that the engineer 
is so often so completely preoccupied with his own tech- 
nique that he neglects ail other interests and values. 
His tendency often is to measure people and situations in 
the objective terms of his own technique, so that he fails 
to gage the reactions of people to everyday situations 
and problems. The experience of this Company has 
shown them that the engineer has not been led to develop 
that sense of values that is not objectively measurable 
but which is absolutely essential to his success. His 
very success through objective methods has limited his 
outlook and restricted his usefulness in the modern 
manufacturing organization. 
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Since it is pretty generally agreed that a four-year 
curriculum is too crowded to permit specialization, we are 
coming more and more to the conclusion that if specializa- 
tion is necessary, it must come in graduate work. This 
means, of course, that industrial organizations should 
not and can not expect specialization of four-year graduates 
in the particular field in which the individual manufacturer 
is interested. Such specialization must require at least 
a five-year curriculum, or the industries themselves must 
provide that additional specialized training as a transition 
from the general fundamental training obtained in college 
to the highly specialized requirements of industry. It is 
generally agreed that this is as it should be, for the student 
who specializes during his four-year college course at the 
sacrifice of fundamental training has an extremely limited 
field of usefulness which necessarily limits his possibilities 
for future growth. 

The situation with respect to graduate work would be 
improved if all students were given a broad fundamental 
training as undergraduates. Then, if industry would 
assure the schools that a certain number of men with 
graduate work would be employed, the universities would 
be delighted to do whatever might be necessary to train 
these men for the particular service required. 

Some of the larger companies have definitely recognized 
this need by providing training courses for the purpose of 
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acquainting the new graduate with specialized processes 
and products. The training not only increases the man’s 
immediate value but greatly improves his possibilities 
for future development in the company. Naturally, it 
is an advantage both to the student and to the manu- 
facturer to accomplish this transition in as short a time as 
possible. 

In general, we have need for a broad fundamental and 
cultural four-year college curriculum which must be 
increased to at least five years if specialization is desired; 
and we have need of closer codperation between educa- 
tional institutions and industry for the promotion of 
specialization in graduate work and the transition of 
students with broad fundamental training to the highly 
specialized requirements of industry. 

Many changes are taking place constantly in educa- 
tional processes in general and in engineering education 
in particular. We must not lose sight of the fact that 
much is being done toward general improvement in 
education and that while improvement in our ceramic 
curricula is highly important, it still is only a small part 
of the general problem of education. 

The members of this Committee are as follows: C. E. 
Bales, A. V. Bleininger, A. F. Greaves-Walker, F. A. 
Harvey, A. V. Henry, M. E. Holmes, T. N. McVay, A. S. 
Watts, and C. W. Parmelee, Chairman. 

—C. W. ParRMELEE, Chairman 


SUMMER 


MEETINGS 


REFRACTORIES DIVISION, BEDFORD 


Meeting to Draw Operating Men from Steel and Glass Industries 


The Refractories Division will hold its Summer Meeting 
at Bedford Springs Hotel, Friday and Saturday, September 
4 and 5. The technical session will be devoted to a dis- 
cussion of checker brick and regenerators. The program 
provides for golf and other recreational activities. There 
will be a full program for the ladies. 

The Bedford Springs Hotel, which will serve as host to 
the Division, is located in Pennsylvania’s cool mountains, 
about one hundred miles east of Pittsburgh. Among its 
facilities are an excellent eighteen-hole golf course, swim- 
ming pool, riding, and badminton and tennis courts. 

The meeting is scheduled for the week-end preceding 
Labor Day, so that those who wish to may extend their 
vacation by attending the meeting. 

Following is an outline of pertinent details of the pro- 
gram: 

Thursday, September 3 

Plant trips (optional). 


Friday, September 4 
9:00 a.m. to 12:00 M.: Registration, Bedford Springs 
Hotel. 


12:00 mM.: Luncheon. 
2:00 p.M.: Technical Session in Auditorium. 


SPRINGS, PA., SEPTEMBER 4 AND 5 


General Subject: Checker Brick and Regenerators 


Paper by J. D. Keller, Research Engineer, Carnegie 
Institute of Technology. Subject: ‘Influence of Ma- 
terial, Shape, and Size of Checker Brick on Regenerator 
Performance.” 

Paper by William C. Buell, Jr., Consulting Engineer, 
Cleveland, Ohio; author of The Open-Hearth Furnace. 
Subject: ‘‘Performance of Checker Brick under Various 
Operating Conditions.’’ The speaker will discuss abuses 
in the design of open-hearth regenerators which affect 
the performance of checker brick. 

Discussion: To assure full discussion of both papers 
and of operating experiences in the steel and glass in- 
dustries, a number of persons have been invited to prepare 
discussions. 


to 


:00 p.M.: Ladies Program: Bridge in the Colonnade, 
prizes. 


):30 p.m.: Clay-Workers Club Reception in Private 
Dining Room. 


:30 P.M.: Banquet. 
:00 p.m. to 12 Mipnicut: Dancing, Ball Room. 
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Facilities for Reaching Bed- 
ford Springs, Pa. 

Location 

Bedford Springs Hotel is 
located on a 2500-acre es- 
tate, two miles from Bed- 
ford, Pa., on the Lincoln 
Highway (U. S. Route 30); 
distance east of Pittsburgh, 
99 miles; west of Phila- 
delphia, 199 miles. 


Transportation Facilities 

Railroad: Train service 
through Altoona, Pa., and 
Cumberland, Md.,_ con- 
necting with bus line going 
direct to hotel door. Buses 
leave Altoona at 7:00 A.M., 
10:15 a.M., 1:32 P.M., 4:45 
p.m., and 5:00 p.m. (running 
time about 1:40); leave 
Cumberland at 7:00 A.Mm., 
10:00 A.M., 1:45 P.M., and 
5:30 (running time 
about one hour). 

Bus: From Pittsburgh or 
Philadelphia; Great Eastern 
and Greyhound Lines to 
Bedford, Pa. Taxi service 
from Bedford to Bedford 
Springs. 

For further details write 
the Summer Meeting Pro- 
gram Committee Chair- 
man, W. C. Rueckel, 1424 
Koppers Building, Pitts- 
burgh, Pa. 


Bedford Springs Hotel 


Saturday, September 5 


9:00 A.M.: Men: Golf Tournament. Prizes for low Ladies: Putting contest, prizes. 
gross score, kicker’s handicap, and high 12:00 M.: Luncheon. 
gross score (booby prize). 2:00 p.m.: Golf, swimming, etc. 


WHITE WARES DIVISION 
Symposium on “Preparation of Whiteware Bodies to Secure Uniformity” 


JAMES WILSON HEPPLEWHITE, JR., CHAIRMAN 


Hotel Bartlett, Cambridge Springs, Pa., September 18 Selection of raw materials, physical and chemical 
and 19. properties, soluble salts, composition of blunging water, 

“Development and Control of Whiteware Properties’? and the working methods to produce ware having the most 
as discussed in The Bulletin, 15 [2] 56 (1936) and 15 [3] certain and easily controlled properties will be discussed. 


95 (1936). 
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MATERIALS AND EQUIPMENT DIVISION 


The Materials and Equipment Division of the American 
Ceramic Society will hold a joint meeting with the Indus- 
trial Minerals Division, American Institute of Mining 
and Metallurgical Engineers, Friday and Saturday, Sep- 
tember 25 and 26, at Pennsylvania State College. 

The subject of the symposium for the technical program 
on Friday afternoon is ‘‘Beneficiation of Ceramic Ma- 
terials by Flotation.” 

The following are some of the papers which will be 
presented on this program: 

(1) ‘‘Raw Material Requirements,” by E. H. 
Westinghouse Electric & Mfg. Co., Derry, Pa. 

(2) “Milling and Classification of Feldspar,’”’ by V. V. 
Kelsey, Consolidated Feldspar Corp., Trenton, N. J. 

(3) ‘Flotation as a Method of Beneficiating Clays, 
M. C. Shaw, The Edward Orton, Jr., Ceramic Foundation, 
Columbus, Ohio. 


Fritz, 


” by 


(4) ‘‘Magnetic Separation,’’ by G. W. Jarman, Jr., and 
S. G. Frantz, Separations Engineering Corp., New York, 
WY. 


EAST LIVERPOOL 
PITTSBURGH 


MEMBERSHIP STATUS 


Slowly you are selling space on the good ship Ceramics 
for a sailing on Progress River. To make this sailing 


profit- 


more economical and pleasant, and therefore more 
able to you, more space should be sold. 


Here is your three-year record, net, as of June 30. 


“Personal Paid 


Personal Deferred 


Corporations 


Subscribers 


416 


MEMBERS ARE 
CL/MBING ONTO GOOD SH/P CERAMICS 


Are you helping your friends 
fo get on board thus making 
more profitable to all this sai/ 
down Progress River ? 


/600 
/556 
/500 
aii 
/400 
—— /933 Peak 

/300 + 

/933 1934 /935 /936 1937 


Record onJune 30 


NEW MEMBERS 


Corporation 
THE WayNE LABORATORIES, John J. Shank (voter), 17 
East Main St., Waynesboro, Pa. 
Student 
Key, Joun A., University of Washington. 


Personal 
ALONSO, ANTONIO R., Lopez Landron 40, Santurce, 
Puerto Rico. 
BorKEY, J. Harry, 805 Otis Bldg., Philadelphia, Pa.; 


district sales manager, North American Refractories Co. 
ERDLE, R. W., 5932 Wentworth Ave., Chicago, IIL, 
president, Austenal Laboratories, Inc. 


EVANS, CHARLES E., 303 S. Cross St., Robinson, III; 
junior ceramist, W. A. Case & Sons Mfg. Co. 
HAZARD, ROWLAND, La Luz, New Mexico; president, 


La Luz Clay Products Co. 

NEFF, VERA ODEYNE, 11312 Hessler Rd., Cleveland, Ohio; 
ceramic artist. 

RITTER, SARA, Ironton Chamber of Commerce, 
Ohio; secretary. 

E BT, HAROLD, Kaylene Ltd., Waterloo Rd., 

WN England; chemist. 

T H. 50 Church St., 
American Refractories Co. 

Voss, WALTER C., Room 5-229, Massachusetts Institute 
of Technology, Cambridge, Mass.; professor of building 
construction. 


Membership Workers’ Record 


Ironton, 
London, 


New York, N. Y.; North 


Personal Corporation 

Alice A. Ayars 1 Office 1 
C. E. Bales 1 

Frederick Heath, Jr. 1 Student 

M. E. Holmes 2 Hewitt Wilson 1 
P. W. Lee 1 — 
J. M. McKinley 2 

Office 2 Grand Total 12 
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ROSTER CHANGES DURING JULY* 


Personal 

ALBERY, D. F., American Terra Cotta Corp., Crystal Lake, 
Ill. (Chicago, Ill.) 

BENNETT, A. LEE, 2510 Silver Lake Terrace, Los Angeles, 
Calif. (Glendale, Calif.) 

BURLINGAME, H. G., Florence Stove Co., Kankakee, III. 
(Lakewood, Ohio) 

LANGENBECK, KarL, 1019 Findley Ave., Zanesville, Ohio. 
(Washington, D. C.) 

LEE, P. WiL.iaM, Austenal Lab., Inc., 5932 Wentworth 
Ave., Chicago, Ill. (Crystal Lake, Ill.) 

Kerr, W. R., Armstrong Cork Co., Beaver Falls, Pa. 
(Lancaster, Pa.) 

NIJHAWAN, KRISHAN K., c/o L. Sukh Dyal ji, Retired 
Deputy Inspector of Schools, Santpara St., Lyallpur, 
Punjab, India. (Jamshedpur, India) 

PLANJE, CHRISTIAN W., Gladding, McBean & Co., Lincoln, 
Calif. (Chicago, Il.) 

RAINE, FRANK F., Box 284, Concord, Calif. 
Wash.) 

RAUGH, JAMES P., General Refractories Co., 1600 Real 
Estate Trust Bldg., Philadelphia, Pa. (Cleveland, 
Ohio) 

RHODE, IRMA, Spruce Pine, N.C. (Norris, Tenn.) 

SCHURECHT, H. G., New York State College of Ceramics, 

Alfred, N. Y. (Matawan, N. J.) 


(Seattle, 


* Address in parentheses is the old address. 


Student’ 

BERKELHAMER, Louis H., Battelle Memorial Institute, 
505 King Ave., Columbus, Ohio. (Univ. of Wash- 
ington) 

HEROLD, JOHN F., Gladding, McBean & Co., Los Angeles, 
Calif. (Ohio State Univ.) 

Hype, Co..in, A. P. Green Fire Brick Co., Mexico, Mo. 
(Ohio State Univ.) 

LANE, RIcHARD O., Macklin Company, Jackson, Mich. 
(Mass. Inst. of Tech.) 

McLain, WILLIAM R., Carnegie-Illinois Steel Corp., 3426 
E. 89th St., Dept. 49, Chicago, Ill. (Ohio State Univ.) 

OweENS, CHARLES W., JR., Harbison-Walker Refractories 
Co., Fairfield, Ala. (Univ. of N. C., Raleigh Unit) 

ROBERTS, JOHN T., Crane Company, 836 S. Michigan 
Ave., Chicago, Ill. (Iowa State College) 

ROBINSON, HARRY J., Tennessee Enamel & Mfg. Co., 
Nashville, Tenn. (Ohio State Univ.) 

ScHATZ, STUART, Laclede-Christy Clay Products Co., 
St. Louis, Mo. (New York State School of Ceramics) 
SMITH, GRAHAM G., N. Clark & Sons, Alameda, Calif. 

(Univ. of Washington) 


t Graduates in Ceramic Engineering, Class of 1936. 


SEIJI] KONDO HONORARY MEMBER OF THE SOCIETY 


In the July Bulletin, page 252, a life sketch of Dr. Rieke 
was presented. Dr. Rieke and Dr. Kondo were elected 
to Honorary Membership of the American Ceramic 
Society by action of the Board of Trustees at the 1936 
Annual Meeting. The following life story of Dr. Kondo 
is presented here. 

Seiji Kondo was born January 31, 1883, at Chishaku of 
Sakura Village in Mie District of Mie Prefecture. 


Education 

He completed the ordinary primary school course at 
Sakura Village in March, 1893, the second year course of 
higher primary school at Komono Village in March, 1895, 
and the middle school course at Tsu City in March, 1900. 

He was graduated from the government ‘‘Third High 
School”’ in Kioto in July, 1903, and from the Department 
of Applied Chemistry, Faculty of Engineering, Tokio 
Imperial University in July, 1906. 

On February 23, 1915, he was ordered by the Depart- 
ment of Education to study the manufacturing methods 
of pottery, glass, and cements in the United States for 
two years. On May 10, 1915, he arrived at Columbus, 
Ohio, to study ceramics under the direction of the late 
General Edward Orton, Jr., as well as to see American 
ceramic industries. 
S. Watts and the late assistant professor Carl B. Harrop 
of the Ohio State University from March 22, 1915, to 
June 10, 1916. He also studied the cataphoresis of clay 
suspension and electrical conductivity of plastic clays 
under Albert V. Bleininger, Ceramic Division, Bureau of 
Standards, in Pittsburgh, Pa., from January 22 to March 
31, 1917. He left Pittsburgh for Tokio on August 2, 
1917. 

On October 27, 


He studied ceramics under Arthur 


1919, he was granted the degree of 


Kogaku-hakushi (Doctor of Engineering) by the Minister 
of Education, his thesis having been applied to the Tokio 
Imperial University. 
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Professional Work 

From December, 1906, to December, 1910, Dr. Kondo 
worked at the Joshikimen plant of the Nippon Brick Mfg. 
Co. 

From December, 1910, to October, 1911, Dr. Kondo 
was an instructor of ceramic engineering at the Tokio 
Higher Technical School; on November 1, 1911, he was 
appointed by the government as professor of ceramics 
at the school. Since January 1, 1918, he has been exam- 
iner at the Patent Bureau; from December, 1919, to 
October, 1932, lecturer of ceramics at the Tokio Imperial 
University; since April, 1922, a lecturer of ceramics at 
the Tohoku Imperial University; and since February, 


DR. LITTLETON IS GETTING WELL 


In response to the inquiries of many friends of J. T. 
Littleton, Corning, N. Y., as to how and to what extent 
he was injured and as to how he is progressing, your 
Editor and Secretary asked his wife to give the facts. 
Her letter, in part, follows. He will be pleased to receive 
messages and callers. He is active in mind and spirit, 
though for the while quite incapacitated physically. 

RCP. 


R. F. D. Hammondsport, N. Y. 
July 24, 1936. 


“On April 11, Jess was returning from a lecture at 
Bethlehem, Pa. About 10:30 A.M., some man tried to 
pass three trucks in a row. He crowded the factory car 
in which Jess was riding off the road. As it went over, 
the back door on his side was wrenched open and he was 
caught between the ground and top of the car. The 
pelvis was broken in two places, the fifth and eighth 
vertebrae were cracked, and the left knee cap was cracked. 
The broken pelvis cut the rectum. 

‘‘When he arrived at the hospital he was in such a state 
of shock that the doctors did not dare do any repair work. 
They could only treat him for shock. On April 13 he had 
a blood transfusion, followed by a fifteen-minute chill. 
On Thursday he was desperate all day due to gas gangrene 
that set in about 3:00 or 4:00 a.m. in the right leg between 
knee and hip. They said it probably came from the 
torn rectum and a quart of blood that stayed in a day or 
so. They could not disturb the packing in the rectum 
the 48 hours he was in shock. The doctor made 21 
incisions in the leg, put in drains, irrigated every 15 
minutes, gave him 120,000 units of serum in broken doses. 
About the eleventh hour, he went into another chill but 
he came out of it. Gas gangrene is 98 or 99% fatal. 

“The next day another transfusion and a 25-minute 
chill. The next day they gave him gas and cleaned up the 
leg. The surgeon said he had cleaned up gangsters and 
wharf accidents but he had never had anything to make 
him lose a meal before. On Saturday and Sunday they 
were treating him to prevent serum reaction. Monday 
he nearly passed out from gas and some intestinal paralysis. 
The consulting surgeon said he must have some quick 
relief or die, and the attending surgeon said he was 
too weak to stand any more chills. From the in- 
direct transfusion, instead of a chill he got some 


1927, a lecturer of potteries at the Waseda University. 

From February, 1922, to July, 1930, Dr. Kondo was a 
member of the government committee of engineering 
standards. Since April 2, 1929, he has been professor 
and chairman of the Department of Ceramic Engineering 
at the Tokio University of Engineering (established by 
the Government on April 1, 1929). Since March 1, 1934, 
he has also been a member of the Research Institute of 
Building Materials of the University. 

For many years Dr. Kondo has been on the staff of 
abstracters for Ceramic Abstracts, covering the Japanese 
ceramic papers. Dr. Kondo resides at 109 Third Street, 
Den-en-chofu, Omori-ku, Tokio, Japan. 


normal sleep, so they gave him one each night for three 
nights. 

“The pelvis was set at the end of three and one-half 
weeks. Then abscesses formed in the rectum and pus 
and fecal matter seeped out through the bad leg; after 
four weeks he had another transfusion and a colostomy. 
At the end of five weeks they began to feed him regular 
diet to try to build him up. The abscess in the rectum 
caused pus to collect in spots all through that region; 
there was pus from the gangrene leg and in a puffed- 
up place on his neck. They opened the place on the 
neck, called in a rectum specialist, who took three days 
to clear up the old fecal matter that had been there 
weeks, and put in drains. Jess was so weak that they 
had to work very slowly. They then kept opening places 
on his hip and back until there were five drains at once 
in that region. Either then or before they started open- 
ing he had two more transfusions. I do not think he 
weighed more than 100 pounds at this point. He was 
in terrible pain until the drains were put in. Since then 
he has been in less pain and is beginning to eat more 
and show gain. Then the doctor skin-grafted about 2 
inches of the 14 or more inches, waited a week or so, and 
did more. The rest can not be done until he has less pus. 
They think they can do some more August 1. He still has 
three drains but they drain less. 

“He came by ambulance (June 23, I believe) to the 
cottage at Willow Point, Keuka Lake, N. Y. He has 
gained in both strength and weight. When he came it 
took four of us to get him on his crutches and it was a 
day’s work for him to go 15 feet on them. Now he 
weighs 140, and with very little help from the nurse gets 
out of bed and walks about 40 feet alone once a day. 
Most of the time he spends in a wheel chair or on the bed. 
We are well pleased with his condition so far. He has 
to get rid of all pus before they can finish the grafting. 
Then the rectum has to be fixed up and completely healed 
before the colostomy can be “‘redone,”’ and the colon put 
back in normal channel. The doctor thinks it will be 
November at least before that is done. 

“Although, he is on the road to recovery, he has 
several minors and one or two major operations ahead of 
him yet. They think they can do the minors here at 
the cottage. The majors will be done in Scranton, I 
think.”’ 
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HISTORY OF NORTON COMPANY * 


The shop pictured on the cover has been referred to 
as the cradle of the Norton Company. Back in the 
1860’s it was a pottery shop occupied by the firm of 
Norton and Hancock, but later the business was con- 
ducted by F. B. Norton, who was producing in the early 
70's, in an old-fashioned way, a varied line of stoneware 
of superior quality itemized as pots and pitchers, jugs, 
and mugs. 

During a workmen’s noon hour in the fall of 1878, the 
discussion turned to the manufacture of an ‘‘emery”’ 
wheel. This was something new. One of the men had 
seen an emery wheel which had been made by bonding 
emery with shellac. Another had already attempted to 
make such a wheel by tamping glue and emery in an iron 
mold and drying it on the top of a stove. Employee 
Sven Pulson ventured to state that he could make an 
emery wheel using a clay bond. Further discussion led 
to a bet c° a can of beer and, after the third attempt, Mr. 
Norton paid the bet and Mr. Pulson collected. 

His first commercial product consisted of two plugs 
4 inches long and 1 inch in diameter, sold to the Winslow 
Skate Company for work on the heels of skates. But 
Mr. Pulson experienced considerable difficulty in making 
his first emery-wheel order for two 12- by 2'/.-inch wheels. 
His $9 a week wages provided him with insufficient capital 
and there was a lack of interest at first on the part of 
Mr. Norton. 


Pioneering at Ashland, Mass. 

Experimental work with the new type of wheel was 
carried on later by Mr. Pulson in another shop at Ashland, 
Mass. It was then that he sent to Taunton, Mass., for 
his brother-in-law, John Jeppson, an experienced potter, 
to come and “burn the kiln.’” The wheels were set on 
fireclay bats and rings but when the kiln was drawn, it 
was found that the slip clay used for sealing had run 
down onto the wheels and glued the fire brick together. 

Although there was some activity at that time in the 
manufacture of artificial grinding wheels, three years 
passed before the subject was given serious consideration 
in the little pottery shop. Mr. Norton took out patents 
in 1876 covering the vitrified emery wheel, but manu- 
facture was started on an extremely small scale. Intro- 
duction of the new wheels proved exceedingly difficult. 
Manufacturers were skeptical, reluctant to try out the 
new grinding wheels, and for a few years these wheels 
were made only as a side line to the pottery business and 
were fired in the same kilns with the stoneware pottery. 


John Jeppson Returns to Norton Pottery 

Several years after the first emery wheel was made in 
the Norton shop, the emery-wheel business was still 
merely a small side line to the stoneware and pottery 
business. The early historians of the Company, when 
referring back to the period of 1880, have said that it was 
a one-man business and John Jeppson was the ‘‘one man.” 


* For tribute to Charles L. Allen on his completion of 
fifty years with Norton Company, see The Bulletin of the 
American Ceramic Society, 7 [5] 150 (1928); for election 
of Aldus C. Higgins to office of President of Norton 
Company, see zbid., 12 [8] 69 (1933). 


He then had secured a permanent job with Mr. Norton 
and was devoting practically all of his time to making 
emery wheels, while the rest of the employees were en- 
gaged in making pottery. 

About this time, the wheel business was given a sales 
impetus when Walter L. Messer was engaged to further 


John Jeppson 


the sale of the Norton emery wheel. In 1882 the pottery 
and emery wheel business at the Norton shop required 
a bookkeeper, and Charles L. Allen, a young man of 
promise, was engaged for that job. It was a period when 
new machinery was being introduced and new vehicles 
of transportation began to appear. Metals were be- 
coming harder and tougher. 

It was natural that these grinding-wheel makers should 
have business dealings with the Washburn Shops of the 
Worcester Polytechnic Institute. The wheel men thus 
came in contact with Milton P. Higgins, founder of the 
Washburn Shops, and George I. Alden, another educator 
connected with W. P. I. It is evident that a few men 
interested in the emery-wheel business and these educators 
had a vision of the future. They believed that there 
was a field for the emery wheel. 


Norton Emery Wheel Company Incorporated 

After long negotiations with Mr. Norton, a purchase of 
the wheel end of his business was consummated in 1885, 
and on June 20 of that year the Norton Emery Wheel 
Company was incorporated with Mr. Higgins as president 
and Mr. Alden, treasurer. The first board of directors 
consisted of Milton P. Higgins, George I. Alden, Walter 
L. Messer, Horace A. Young, and Fred H. Daniels of 
the Washburn & Moen Company. Charles L. Allen 
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became the first general manager, which position he held 
along with other offices at various periods, including those 
of treasurer and president until 1933, when he was made 
chairman of the board of directors. Thus, Mr. Allen 
is the only man who has served the Company throughout 
its entire fifty years. This is a record of achievement 
rarely equaled. The first superintendent of the plant was 
John Jeppson and he held that position until his death 
in 1920. 

The success of the Norton Company over a period of 
50 years and its influence as a factor in the development 
of the grinding industry was due in no small degree to a 
fine spirit of co6peration which existed with this group of 
men who were pioneering in what was to become an im- 
portant industry. 


Growth of Norton Company 


In the first year of the emery-wheel company’s existence 


a new factory was built at Barbers Crossing in 1886. 
It was a two-story structure, 48 by 120 feet, with two 
kilns. This plant was characterized as large enough to 
make all the grinding wheels that the world would ever 
use, and the management had the problem of renting 
part of the plant for other purposes. The demand for 
the Norton products, however, soon exceeded the plant 
capacity and the Company has been enjoying a continuous 
growth for a half century. 

The plant at Barbers Crossing today with its eighty 
odd buildings and nearly 2,000,000 square feet of floor 
space is a monument to the integrity and business acumen 
of a pioneer group of practical dreamers. Today Norton 
products are known and distributed throughout the world 
and Norton plants are located in Bauxite, Arkansas; 
Chippawa and Hamilton, Canada; Wesseling, Germany; 
La Courneuve, France; Welwyn Garden City, England; 
and Corsico, Italy. 


NOTES A 


ND NEWS 


GLASS MEN AT CHEMISTRY UNION 

Alexander Silverman, Department of Chemistry, Uni- 
versity of Pittsburgh, will attend the meeting of the Inter- 
national Union of Chemistry, Lucerne, Switzerland, 
August 16 to 22, as a delegate from the American Ce- 
ramic Society. He is also a delegate from the National 
Academy of Sciences and the National Research Council. 

J. C. Hostetter, Corning Glass Works, who has been in 
England attending the Glass Congress, will also attend the 
meeting of the International Union as a Councilor of the 
National Research Council, on which he is the representa- 
tive of the American Ceramic Society. 


THE RACKHAM ENGINEERING FOUNDATION 
AND THE ENGINEERING SOCIETY OF 
DETROIT 


Articles of incorporation of The Rackham Engineering 
Foundation were filed June 12, 1936. Under the plan 
adopted, the net income from the Endowment was 
paid to The Engineering Society of Detroit, Incorporated, 
April 15, 1936. The purposes of this Society are educa- 
tional and scientific. 

The late Horace H. Rackham accumulated his fortune 
as a director of the Ford Motor Car Company and as a 
result of engineering skill applied to the automotive 
industry. It was the recognition of this fact that prompted 
the Board of Trustees of the Horace H. Rackham and 
Mary A. Rackham Fund to create this Endowment. 
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CELO KYANITE 


FOR INFORMATION AND SAMPLES WRITE TO 


O MINES, INCORPORATED 
NSVILLE, NORTH CAROLINA 


PITTSBURGH PLATE GLASS COMPANY 
MULTIPLE FELLOWSHIP AT MELLON 
INSTITUTE 


The Pittsburgh Plate Glass Company has founded a 
Multiple Industrial Fellowship in Mellon Institute. This 
Fellowship will study fundamental problems in the various 
fields covered by the activities of the Pittsburgh Plate 
Glass Company. This Company has been active in re- 
search in its various plants, and the establishment of this 
Fellowship marks its recognition of the interdependence of 
technological advances and the value of centralized funda- 
mental research. 

Members of the staff appointed to this Fellowship are 
as follows. Frederick W. Adams, senior incumbent, comes 
from the Massachusetts Institute of Technology, Chemical 
Engineering Department, after devoting most of fourteen 
years to the School of Chemical Engineering Practice. 
John D. Jenkins of Oregon State College and Ph.D. from 
the University of Wisconsin, majoring in physical chem- 
istry, comes from the Ditzler Color Company. Harold 
E. Simpson, Ph.D., Ohio State University, comes from 
Battelle Memorial Institute. Lee Devol, Marietta 
College, with several years of industrial experience with 
the Westinghouse Electric and Manufacturing Company, 
comes from the University of Pittsburgh where he received 
his Ph.D. in physics. Kenneth B. McAlpine, Princeton 
University, Ph.D. in physical chemistry, spent several 
years with Republic Steel Company before joining the 
staff of this Fellowshiv. Phillip W. Crist was graduated 
this year in physics from Carnegie Institute of Technology. 
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Simplex Engineering can always be depended upon to win for you over 
high production costs and deliver the utmost in every round. It is never 
a close decision when Simplex performs. 


SIMPLEX 


ENGINEERING COMPANY 


WASHINGTON TRUST BLDG. @ WASHINGTON, PENN., U.S.A. 


Glass Melting Tanks and Furnaces for every type of glass manufactured e Glass 
Bending Ovens, Glass Decorating Machines @ Luminous Parts that give excel- 
lent control e Lehrs—Electric or Fuel Heated for Annealing or Decorating e 
Arches—Interlocking Suspended and Circular e Batch Systems—Vacuum = and 
Conveyor Types e@ Fuel Oil Systems and Control Stokers e Cullet Washing 
Plants, Incinerators e Conveying Equipment—All Types e Water Softening 
Plants, Silicate of Soda Plants e Producer Gas Plants and Soot Disposal Systems 
e Air Conditioning Systems e Enameling Ovens—Box and Continuous e 
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EPK FLORIDA CLAY is a plastic clay (MofR 450°) 
that fires white at Cone 12.... Results warrant its considera- 
tion as a component of White Ware Bodies. 


EDGAR PLASTIC KAOLIN CO. EDGAR BROTHERS CoO. 
Home Office—Metuchen, N. J. New York Office—50 Church St. 


Mines in Georgia and Florida 


| 
Refractory Blocks Glass House Refractories 
for Glass Tank 
Furnaces ae Pots Open & Covered @ 
| By : Refractory Blocks <= 
| J. H. Partridge, B.Sc., Ph.D. m 
| Prepared Mixes 
| With a foreword by > Special Batches mm 
| Professor W. E. S. Turner, & sr re 
| O.B.E., D.Sc. P. B. Sillimanite 
| Standard Sizes and Shapes to 
Pages X + 128. 814" x 514” | Order 
+ 37 figs. | 
Price (bound in cloth) $2.25 | @ WE USE OUR OWN 
Published by | 
The Society of Glass Technology | P | qT t S B U RC H 
e Society o , | 
Darnail Road, Sheffield 9, PLATE GLASS COMPANY 
England Rekractories Division 
ae GRANT BUILDING, PITTSBURGH, PA 
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American Ceramic Society 


You have done a real service for the porcelain 
enamel industry by publishing your booklet 
“Modern Wonders of an Ancient Art”—it repre- 
sents a nice piece of publicity work destined to 


catch and hold the interests of purchasers of 


porcelain enamel products. We note one page 
carries an illustration of your specially designed 
enamelling furnace equipped with “Carbofrax” 
muffle and supports. 

You have made a distinct contribution towards 
developing the interests of this industry. 
“Carbofrax”—the Carborundum Brand Silicon 
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Carbide Refractory has played its part in this 
development in increasing production and main- 
taining the high quality standards of the industry 
—in helping to make possible the “Modern 
Wonders of an Ancient Art.” 


“CARBOFRAX” 


REG. PAT. OFF, 


The Carborundum Brand Silicon Carbide Refractory 


MUFFLES...SUPPORTS...TILE...BRICK | 


THE CARBORUNDUM COMPANY 


Refractory Division, Perth Amboy, N. J. 


District Sales Branches: 
St. Louis; 


Boston, Chicago, Cleveland, Detroit, Philadelphia, Pittsburgh. 
Harrison & Company, Salt Lake City, Utah; Pacifie Abrasive Supply Co., Los Angeles, San Francisco, Seattle; Denver Fireclay Co., El Paso, Texas. 


Agents: L. F. McConnell, Birmingham, Ala.: Calvin M. Christy, 


(Carborundum and Carbofrax are registered trade-marks of The Carborundum Company.) 
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SPECIALIZATION—SERVICE 
EXPERIENCE—RESEARCH 


The Attributes of Success Which Make 


i ees is satisfaction in knowing that Outstanding 

the frit you buy is of the finest qual- 

ity and that the service is dependable. V | T RO CO LO RS 
There is greater satisfaction in know- 


ing that the Frit is uséform/y fine and that 
the service is consistently dependable. Coloring Oxides for Enamels 


Resistant Colors for Glass 


Write Us for Samples 


When you buy Lusterlite Frit you buy 


product finish insurance. Overglaze and Underglaze Colors 
Glaze Stains 
CHICAGO VITREOUS ENAMEL Body Colors 
PRODUCT CO. THE VITRO 
CICERO ILLINOIS M F C O 


Corliss Station, 
PITTSBURGH, PA. 
16 California St., 
SAN FRANCISCO, CAL. 


STERLITE 7 
LUST NAMELS 


For Satisfaction in Production 


“CERAMIC” 


COLORS 
FOR ENAMELS:—Colors and Oxides; Smelter Oxides; Graining, Printing, Banding, 


and Screening Colors. 

FOR POTTERY:— Glaze and Body Stains; Underglaze and Overglaze Colors for Banding, 
Spraying, and Screening; Fritted Glazes and Fluxes. 

FOR GLASS:—Enamels; Vitrifiable Colors for Banding, Spraying, and Screening; 
Printing Colors; Fluxes; Batch Colors. 

DECORATING SUPPLIES:—Printing Tissue; Screening Oils, French Fat Oil, Oil of 
Copaiba, Balsam Fir, Damar Varnish; Brushes; Knives and Spatulas; Grinding Mills. 


CHEMICALS 
Aluminum Hydrate Chrome Oxide, Green Nickel Oxide, Black Sodium Antimonate 
Ammonium Carbonate Clay, Vallendar Nickel Oxide, Gray Sodium Bichromate 
Antimony Oxide Cobalt Oxide, Black Nickel Sulphate Sodium Silicate 
Potassium Bichromate Sodium Silico Fluoride 
Potassium Nitrate Sodium Uranate 
Potassium Permanganate Tin Oxide 
Cadmium Carbonate Kryolith Powder Blue Titanium Oxide 
Cadmium Oxide Lead Chromate Rutile, Powdered Uranium Oxide, Orange 
Cadmium Sulphide Magnesium Carbonate Selenium Uranium Oxide, Yellow 
Calcspar Manganese Dioxide Sodium Aluminate Zirconium Oxide 


“CERAMIC” COLORS 


CERAMIC COLOR & CHEMICAL MFG. CO., NEW BRIGHTON, PENNA. 
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“LANCASTER” PRODUCTS 


SOFT MUD BRICK MACHINES 


Ask for Bulletin 10 & 


The AutoBrik 
The ‘‘Martin”’ 
The ‘‘Arnold-Creager’”’ 


CLAY PREPARING MACHINERY 
Ask for Bulletin 20 


Clay Cleaners Pug Mills 

Granulators Disintegrators 

Clay Feeders Crushers 
Batch Mixers 


BRICK PLANT ACCESSORIES 
Ask for Bulletin 30 


Winding Drums’ Clay Cars 

Mold Sanders Sand Dryers 

Sand Grinderand Brick Bat Crusher 
Sifter Automatic Represses 

Clay Conveyors 


BRICK BARROWS and TRUCKS 
Ask for Bulletin 40 


BRICK MOLDS 
Ask for Bulletin 40-A 


BRICK DRYERS 
Ask for Bulletin 50 


The ‘“‘Martin’”’ Steam Pipe Rack 
Brick Dryer 

Cable Conveyor Systems 

Pallet Car Loaders 

Dry Brick Car Systems 


PATCH MIXERS 
Ask for Bulletin 70-B 


The “‘Lancaster’’ Counter-Current Rapid 
Batch Mixer 


LANCASTER IRON WORKS, Inc., LANCASTER, PENNA. 


BRICK MACHINERY AND MIXER DEPT., JAS. P. MARTIN, VICE-PRES. & MGR. 
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THE SHARP-SCHURTZ 
COMPANY 


CHEMISTS FOR THE CERAMIC INDUSTRY 


WE HAVE FULLY EQUIPPED LABORATORIES AT 


LANCASTER, OHIO U.S.A. 


EMERSON P.. POSTE 


CONSULTING CHEMICAL ENGINEER 


ANALYSES: CERAMIC RAW MATERIALS AND PRODUCTS, 
FUELS, IRON AND STEEL, ETC. 


SPECIAL INVESTIGATIONS: PuHyYSICAL AND CHEMI- 
CAL TESTS ON ENAMEL, ETC. 


309 McCALLIE AVE., 
CHATTANOOGA, TENN. 


COMMERCIAL TESTING RESEARCH ANALYSES 


BAILEY & SHARP Co., INC. 


CHEMISTS, CONSULTING ENGINEERS, 
GLass TECHNOLOGISTS 


SPECIALIZING IN New AND UNUSUAL 
ENGINEERING AND CHEMICAL PROCESSES 
AND IN ORIGINAL DEVELOPMENTS IN THE 
CERAMIC FIELD. 


HAMBURG, N. Y. U. S. A. 


WANTED TO BUY OUT-OF-PRINT 


Journals of 
The American Ceramic Society 


June, 1922, Part II 
1923 Yearbook 1933. February 


1934 January Bulletin January Journal 
February Journal March Bulletin 
April Bulletin 


Communicate with the Offices of 


THE AMERICAN CERAMIC SOCIETY 
2525 North High Street Columbus, Ohio 


THE HOUSE OF HOMMEL 


SUPPLIERS OF ALL CERAMIC NEEDS 


HOMMELITE 
The Perfect Opacifier 


Costs less...goes further 
...does better...not sub- 
ject to extreme price 
fluctuations. 4% often 


replaces 6% tin oxide. 


THE | 
©. HOMMEL Co. 


; Quality First - Since 1891 ae 
209 Fourth Avenue Pittsburgh, Pa. 


LET OTHERS IMITATE -:- WE ORIGINATE 


Pacific Coast Agents 


L. H. BUTCHER CO. 


Los Angeles - Salt Lake City - San Francisco - Portland - Seattle 


WILLSON PRODUCTS, Inc. 


WILLSON BAG RESPIRATORS 


Nos. 300 and 400 (Patent applied for) have 
UNITED STATES BUREAU OF MINES APPROVALS 


A Willson style for every dusty operation in the Ceramic Industry. 


Reading, Pa. 
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HARTFORD-EMPIRE COMPANY 
HARTFORD, CONN. 


Engineers and Licensors 


FORMING MACHINES CONVEYORS 
STACKERS LEHRS 


FEEDERS 


FRADE ARE U.S. PAT: OFF. 


Made Especially for the Glass Maker 


Specify SOLVAY when you buy Soda Ash because 
lvay is and has been the standard of quality since 
1881. It offers the following advantages: 


1. More than 99.50% Sodium Carbonate (dry basis). 

2. Proper granulation and absolute uniformity in quality. 

3. Your choice of Soda Ash graded for efficient use with 
any of the known commercial glass sands. 

4. The services of a well organized technical staff which is 


available to Solvay customers. 


Make Solvay your source of supply for 
DUSTLESS CALCINED 98-100% POTASSIUM 
CARBONATE 
Hydrated 83-85% Potassium Carbonate 
Ground Caustic Potash 


Full information sent on request. 


SOLVAY SALES CORPORATION 


Alkalies and Chemical Products Manufactured 
by The Solvay Process Company 


40 RECTOR ST. NEW YORK 
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Ceramic Service? 
Give 


We Manufacture— 
Pins 
Stilts 
Thimbles 
Spurs 
Saggers 
Crucibles 
Tile for Decorating Kilns 


We Sell— 
Ball Clay 
Sagger Clay 
Wad Clay 
Ground Fire Clay 
Bitstone 
Fire Brick 
Imported Paris White 
Domestic Whiting 
Pottery Plaster 
Georgia Kaolin 


THE POTTERS SUPPLY COMPANY 


EAST LIVERPOOL, OHIO 
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ELECTRO’S SILICON CARBIDE 


THREE 
SUCCESSFUL REFRACTORIES 
FOR CERAMIC WARE 


Porcelain Enamel Muffles 
Non-Gro Tile Glass Annealing Lehrs 
and Brick for High thermal conductivity at temperatures 
below 2000° F. 


Biscuit Dinner Ware 
Kellogg AA Batts ( Bisque and Glost Sanitary Ware 
for One-Fire Hollow Ware 
Vitrified Porcelain 
All open settings 


Kellogg AA Saggers | Porcelain Dinner Ware 


Electrical Porcelain 
All high temperature closed settings 


Andrews Building 


TALC WHITING 


for 

( 

; Beg We would be pleased to serve you 

THE ELECTRO REFRACTORIES & an CORPORATION 

| 
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H. C. SPINKS CLAY COMPANY 
Miners and Shippers of 
BALL, SAGGER AND WAD CLAY 
NEWPORT, KENTUCKY 


August 1, 1936 


Mr. Pete Potter 
Comfortable Sanitary Pottery Mfg. Co. 
Pottsville, Ohio 


Dear Pete: 


Well, the Olympic trials are over and the All-American athletes are 
on their way to show the rest of the world what we produce in America. 


Don’t worry! They will make a good record! 


For years and years the English Ball clays have been imported 
into this country, but now the All-American trials in the potteries 
have definitely proven that such clays as 

“JERNIGAN & CHAMPION & CHALLENGER,” 
produced right here in Tennessee in the good old U. S. A., are the win- 


ners in the race for low losses, high quality and low cost. 


Sincerely, 


General Manager 
RBC :MLN H. C. SPINKS CLAY COMPANY 
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Sodium Antimonate 


For years M & T Sodium Antimonate 
has set the standard. The finest opaci- 
fier that modern methods can produce, 
it is always uniform, always pure. 
Every barrel of M & T Sodium Anti- 
monate is exactly the same, both chemi- 
cally and physically, as every other 


barrel. 


And, this quality opacifier is more eco- 
nomical, Rejects, due to off colors, 
become rarities. Whites, whether blue 
white, cream white or some other hue, 
do not vary a shade from one year’s end 
to the next where M & T Sodium Anti- 


monate is used. 


Our Ceramic Department will gladly 
help in solving your enameling prob- 
lems. Homer F. Staley is manager; 
R. R. Danielson, director of research. 
Metal & Thermit Corporation, 120 
Broadway, New York, N. Y. 
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